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(57)Abstract 

PURPOSE: To prevent punch through phenomena by forming an 
implantation area, which has a depth equivalent to or more than the 
depth of junction between a source region and a drain region, all 
along the whole are of the junction area of the source and drain 
regions. 

CONSTITUTION: An isolating oxide film 2 is made in the specified 
region on the main surface of a p-type silicon substrate 1. Source 
and drain regions 6a and 6b are made at a specified interval so as to 
catch the channel region 10, on the main surface of the silicon 
substrate 1 surrounded by the isolating oxide film 2. A gate 
electrode 4 consisting of polysilicon containing impurities is made on 
the channel region 10 through a gate oxide film 3. Sidewall oxide 
films 5 are made at the sections of both sidewalls of a gate 
electrode 4. A nitrogen implantation areas 7a and 7b are made to 
cover the junction face of the source and drain regions 6a and 6b. 
The nitrogen implantation areas 7a and 7b prevent impurities from 
diffusing to the main surface of the silicon substrate 1 at the time 
of formation of the source and drain regions 6a and 6b. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** shows the word which can not be 

translated. 

3.1n the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] One pair of the source / drain 
fields of the 2nd conductivity type which 
has the predetermined junction depth 
formed by separating predetermined 
spacing so that it might face across a 
channel field on the main front face of the 
semiconductor region of the 1st 
conductivity type which has the main 
front face, and said semiconductor region, 
The impregnation layer containing one 
chosen from the group which has the 
junction depth of said source / drain field, 
and the depth more than an EQC, is 
formed along the whole region of the 
junction field of said source / drain field, 
and consists of nitrogen, a fluorine, an 
argon, oxygen, and carbon, The 
semiconductor device equipped with the 
gate electrode formed through the gate 
insulating layer on said channel field. 
[Claim 2] Said impregnation layer is a 



semiconductor device according to claim 1 
currently formed so that said source / 
drain field may be covered, while having 
the larger depth than the junction depth 
of said source / drain field. 
[Claim 3] The semiconductor region of the 
1st conductivity type which has the main 
front face, and one pair of the sources / 
drain fields of the 2nd conductivity type 
formed by separating predetermined 
spacing so that it might face across a 
channel field on the main front face of 
said semiconductor region, It has the gate 
electrode formed through the gate 
insulating layer on said channel field, 
and said gate electrode contains an 
impurity. Near the front face by the side 
of said gate insulating layer of said gate 
electrode The semiconductor device with 
which the impregnation layer containing 
one chosen from the group which consists 
of nitrogen, a fluorine, an argon, oxygen, 
and carbon is formed. 
[Claim 4] The process which forms a gate 
electrode in the predetermined field on 
the main front face of the semiconductor 
region of the 1st conductivity type 
through a gate insulating layer, The 
process which forms an impregnation 
layer by carrying out the ion 
implantation of the one chosen from the 
group which becomes said semiconductor 
region from nitrogen, a fluorine, an argon, 
oxygen, and carbon by using said gate 
electrode as a mask by the 1st projection 
range, The manufacture approach of a 
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semiconductor device equipped with the 
process which forms one pair of impurity 
ranges of the 2nd conductivity type by 
carrying out the ion implantation of the 
impurity of the 2nd conductivity type to 
said semiconductor region by the 2nd 
projection range smaller than said 1st 
projection range by using said gate 
electrode as a mask, and the process 
which performs heat treatment after that. 
[Claim 5] The process which forms a gate 
electrode in the predetermined field on 
the main front face of the semiconductor 
region of the 1st conductivity type 
through a gate insulating layer, The 
process which forms the impurity range 
which has the predetermined depth from 
the up front face of said gate electrode in 
said gate electrode by introducing an 
impurity into said gate electrode, The 
manufacture approach of a 
semiconductor device equipped with said 
impurity range, the process which forms 
the impregnation layer which has the 
depth more than an EQC, and the process 
which performs heat treatment after that 
by carrying out the ion implantation of 
the one chosen from the group which 
becomes said gate electrode from nitrogen, 
a fluorine, an argon, oxygen, and carbon. 
[Claim 6] Said nitrogen by which an ion 
implantation is carried out is the 
manufacture approach of a 
semiconductor device given in either of 
claims 4 or 5 containing one of having 
been chosen from the group which 



consists of single ion (N+) of nitrogen, 
and molecular ion (N2+) of nitrogen. 
[Claim 7] The bipolar transistor 
characterized by having a P type 
epitaxial growth phase containing boron 
and nitrogen. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] More specifically, 
this invention relates to the 
semiconductor device which has an MOS 
(Metal-Oxide-Semiconductor) transistor, 
and its manufacture approach about a 
semiconductor device and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] 
Conventionally, the semiconductor device 
containing a P channel MOS transistor is 
known as one of the semiconductor 
devices. Drawing 40 is the sectional view 
having shown the semiconductor device 
containing the conventional P channel 
MOS transistor. With reference to 
drawing 40 , the separation oxide film 
102 for isolation is formed in the 
predetermined field on the main front 
face of the silicon substrate 101 of n mold 
with the conventional semiconductor 
device. Predetermined spacing is 
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separated and the source / drain fields 
106a and 106b of p mold are formed so 
that it may face across the channel field 
110 on the active region surrounded with 
the separation oxide film 102. On the 
channel field 110, the gate electrode 104 
is formed through gate oxide 103. The 
sidewall oxide film 105 is formed in a part 
for the both* sides wall of the gate 
electrode 104. 

[0003] The P channel MOS transistor is 
formed with the source / drain fields 106a 
and 106b, and the gate oxide 103 and the 
gate electrode 104 of p mold. The gate 
electrode 104 consists of polish recon 
containing the impurity of p molds, such 
as boron (B), and has the thickness of 
about 2000A. 

[0004] Drawing 41 - drawing 46 are the 
sectional views for explaining the 
manufacture approach of the 
conventional semiconductor device shown 
in drawing 40 . With reference to drawing 
40 - drawing 46 , the manufacture process 
of the conventional semiconductor device 
is explained below. 

[0005] First, as shown in drawing 41 , it 
is LOCOS (LOCal Oxidation of Silicon) to 
the predetermined field on the main front 
face of the silicon substrate 101 of n mold. 
The separation oxide film 102 is formed 
using law. After forming in the whole 
surface the non doped polysilicon film 
(not shown) which has silicon oxide (not 
shown) and the thickness of about 2000A, 
by carrying out patterning, the gate 



electrode 104 which consists of gate oxide 

103 which consists of silicon oxide, and a 
non doped polysilicon film is formed. 
[0006] Next, as shown in drawing 42 , a 
re sist 111 is formed using a 
photoengraving-process technique so that 
fields other than gate electrode 104 may 
be covered. The ion implantation of the 
boron is carried out to the gate electrode 

104 by using a resist 111 as a mask. A 
resist 111 is removed after this. Next, as 
shown in drawing 43 , in order to activate 
the impurity (boron) by which the ion 
implantation was carried out to the gate 
electrode 104, it heat-treats about 30 
minutes at 800 degrees C - 1000 degrees 
C. 

[0007] Next, as shown in drawing 44 , 
after forming silicon oxide (not shown) in 
the whole surface, the sidewall oxide film 

105 is formed in a part for the both- sides 
wall of the gate electrode 104 by 
performing anisotropic etching. 

[0008] Next, as shown in drawing 45 , a 
resist 112 is formed on the gate electrode 
104 using a photoengraving-process 
technique. Then, as shown in drawing 46 , 
the ion implantation of the impurity of p 
molds, such as boron, is carried out to a 
silicon substrate 101 by using a resist 112, 
the sidewall oxide film 105, and the 
separation oxide film 102 as a mask. 
Thereby, the ion-implantation fields 107a 
and 107b of p mold are formed. 
[0009] Then, a resist 112 is removed. And 
the boron introduced into the 
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ion-implantation fields 107a and 107b is 
electrically activated by performing heat 
treatment about 30 minutes at 800 
degrees C. Thereby, the impurity 
diffusion fields (the source / drain field) 
106a and 106b as shown in drawing 40 
are formed. Thus, the semiconductor 
device which has the conventional P 
channel MOS transistor was formed. 
[0010] 

[Problem(s) to be Solved by the 
Invention] In the above-mentioned 
conventional semiconductor device, the 
inconvenience that the redistribution of 
an impurity happens arises by heat 
treatment at the time of activating the 
impurity introduced into the impurity 
impregnation fields 107a and 107b of p 
mold shown in drawing 46 . Namely, the 
impurity introduced into the impurity 
impregnation fields 107a and 107b of p 
mold by heat treatment is spread in all 
the directions of the interior of a silicon 
substrate 101. Consequently, the 
impurity diffusion fields (the source / 
drain field) 106a and 106b (refer to 
drawing 40 ) of p mold larger than the 
impurity impregnation fields 107a and 
107b (refer to drawing 46 ) of p mold are 
formed. 

[0011] Drawing 47 is a sectional view for 
explaining the trouble of the conventional 
semiconductor device. If the magnitude of 
the source / drain fields 106a and 106b of 
p mold becomes large by diffusion of the 
impurity by heat treatment with 



reference to drawing 47 , channel length 
L will become short. There was a trouble 
that the so-called punch- through 
phenomenon in which it becomes 
impossible for the depletion layer near 
[ one ] the field of the source / drain fields 
106a and 106b to control a current by 
breadth and gate voltage even to the field 
of another side occurred by this. This 
punch-through phenomenon appears 
notably especially with detailed-izing of a 
component. 

[0012] Moreover, there was also a trouble 
of p mold impurity in the gate electrode 
104 (boron) passing through gate oxide 
103, and being spread even to the 
channel field 110 as another trouble by 
heat treatment at the time of activating p 
mold impurity in the gate electrode 104. 
When p mold impurity in the gate 
electrode 104 was spread to the channel 
field 110, there was a trouble of changing 
the threshold electrical potential 
difference of an MOS transistor. 
[0013] Moreover, also in a bipolar 
transistor, the same trouble arises with 
having described above. That is, boron is 
used as a p mold impurity of p mold 
epitaxial layer which constitutes a 
bipolar transistor. In this case, it is easy 
to carry out thermal diffusion of the 
boron at the time of heat treatment. Thus, 
if boron carries out thermal diffusion, for 
example in a npn mold bipolar transistor, 
the trouble that effective base width of 
face degrades cut off frequency and a 
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high-speed operation property by 
diffusion of boron as a result of [ its ] 
breadth will arise. 

[0014] Made in order that this invention 
might solve the above technical problems, 
the object of invention given in claims 1 
and 2 is preventing a punch-through 
phenomenon effectively in a 
semiconductor device. 
[0015] The object of invention according 
to claim 3 is preventing effectively 
fluctuation of the threshold electrical 
potential difference produced when the 
impurity in a gate electrode is spread to a 
channel field in a semiconductor device. 
[0016] It is controlling effectively an 
impurity diffusing the object of invention 
of a publication in the manufacture 
approach of a semiconductor device by 
heat treatment at the time of forming the 
source / drain field in claims 4 and 6. 
[0017] The object of invention given in 
claims 5 and 6 is preventing effectively 
being spread in a channel field by heat 
treatment for activation of the impurity 
in a gate electrode in the manufacture 
approach of a semiconductor device. 
[0018] The object of invention according 
to claim 7 is preventing degradation of 
the property by boron diffusion effectively 
in a bipolar transistor. 
[0019] 

[Means for Solving the Problem] The 
semiconductor region of the 1st 
conductivity type with which the 
semiconductor device in claims 1 and 2 



has the main front face, One pair of the 
source / drain fields of the 2nd 
conductivity type which has the 
predetermined junction depth formed by 
separating predetermined spacing so that 
it might face across a channel field on the 
main front face of the semiconductor 
region, The impregnation layer 
containing one chosen from the group 
which has the junction depth of its source 
/ drain field, and the depth more than an 
EQC, is formed along the whole region of 
the junction field of the source / drain 
field, and consists of nitrogen, a fluorine, 
an argon, oxygen, and carbon, It has the 
gate electrode formed through the gate 
insulating layer on the channel field. In 
addition, preferably, the above-mentioned 
impregnation layer is formed so that the 
source / drain field may be covered, while 
having the larger depth than the junction 
depth of the source / drain field. 
[0020] The semiconductor device in claim 
3 is equipped with the semiconductor 
region of the 1st conductivity type which 
has the main front face, one pair of the 
sources / drain fields of the 2nd 
conductivity type formed by separating 
predetermined spacing so that it might 
face across a channel field on the main 
front face of the semiconductor region, 
and the gate electrode formed through 
the gate insulating layer on the channel 
field. And while the gate electrode 
contains the impurity, near the front face 
by the side of the gate insulating layer of 
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a gate electrode, the impregnation layer 
containing one chosen from the group 
which consists of nitrogen, a fluorine, an 
argon, oxygen, and carbon is formed. 
[0021] The process at which the 
manufacture approach of the 
semiconductor device in claim 4 forms a 
gate electrode in the predetermined field 
on the main front face of the 
semiconductor region of the 1st 
conductivity type through a gate 
insulating layer, The process which forms 
an impregnation layer by carrying out 
the ion implantation of the one chosen 
from the group which becomes a 
semiconductor region from nitrogen, a 
fluorine, an argon, oxygen, and carbon by 
using the gate electrode as a mask by the 
1st projection range, It has the process 
which forms one pair of impurity ranges 
of the 2nd conductivity type, and the 
process which performs the postheat 
treatment by carrying out an ion 
implantation by the 2nd projection range 
smaller than the 1st projection range 
which described the impurity of the 2nd 
conductivity type above to the 
semiconductor region by using a gate 
electrode as a mask. 

[0022] The process at which the 
manufacture approach of the 
semiconductor device in claim 5 forms a 
gate electrode in the predetermined field 
on the main front face of the 
semiconductor region of the 1st 
conductivity type through a gate 



insulating layer, The process which forms 
the impurity range which has the 
predetermined depth from the up front 
face of a gate electrode in a gate electrode 
by introducing an impurity into the gate 
electrode, It has the impurity range 
described above by carrying out the ion 
implantation of the one chosen from the 
group which becomes a gate electrode 
from nitrogen, a fluorine, an argon, 
oxygen, and carbon, the process which 
forms the impregnation layer which has 
the depth more than an EQC, and the 
process which performs the postheat 
treatment. In addition, when carrying out 
the ion implantation of the nitrogen, you 
may make it use either the single ion 
(N+) of nitrogen, or the molecular ion 
(N2+) of nitrogen in the manufacture 
approach of the semiconductor device in 
above-mentioned claims 4 and 5. 
[0023] The bipolar transistor in claim 7 is 
characterized by having p mold epitaxial 
growth phase containing boron and 
nitrogen. 
[0024] 

[Function] In the semiconductor device 
concerning claims 1 and 2, since the 
impregnation layer which has the 
junction depth of the source / drain field 
and the depth more than an EQC is 
formed along the whole region of the 
junction field of the source / drain field, it 
is prevented effectively that an impurity 
is spread by heat treatment at the time of 
formation of the source / drain field. 
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Thereby, like before, by diffusion of an 
impurity, it is prevented that channel 
length becomes short and, as a result, a 
punch-through phenomenon is reduced 
effectively. In addition, if it forms so that 
the source / drain field may be covered 
while having the larger depth than the 
junction depth of the source / drain field 
for the above-mentioned impregnation 
layer, diffusion of the impurity by heat 
treatment at the time of formation of the 
source / drain field will be controlled more. 
[0025] In the semiconductor device 
concerning claim 3, since the 
impregnation layer is formed near the 
front face by the side of the gate 
insulating layer of the gate electrode 
containing an impurity, it is prevented 
effectively that the impurity in a gate 
electrode passes through a gate 
insulating layer, and is spread even to a 
channel field by heat treatment at the 
time of activating the impurity in a gate 
electrode. Thereby, fluctuation of the 
threshold electrical potential difference 
by diffusion of the impurity to a channel 
field is prevented. 

[0026] By the manufacture approach of 
the semiconductor device concerning 
claim 4, an impregnation layer is formed 
in the semiconductor region of the 1st 
conductivity type by carrying out the ion 
implantation of the one chosen from the 
group which consists of nitrogen, a 
fluorine, an argon, oxygen, and carbon by 
the 1st projection range. Moreover, since 



one pair of impurity ranges of the 1st 
conductivity type are formed and the 
postheat treatment is performed by 
carrying out the ion implantation of the 
impurity of the 2nd conductivity type to a 
semiconductor region by the 2nd 
projection range smaller than the 1st 
projection range It is controlled 
effectively that the impurity of an 
impurity range is spread by the 
impregnation layer described above on 
the occasion of the heat treatment. It is 
prevented that channel length becomes 
short like before by this, and, as a result, 
a punch-through phenomenon is reduced 
effectively. 

[0027] Since the impregnation layer 
which has the depth more than the 
impurity range and EQC by being chosen 
out of the group which becomes the gate 
electrode which includes the impurity 
range which has the predetermined 
depth by the manufacture approach of 
the semiconductor device concerning 
claim 5 from nitrogen, a fluorine, an 
argon, oxygen, and carbon, and carrying 
out the ion implantation of one is formed 
and the postheat treatment is performed, 
it is prevented that the impurity of an 
impurity range is spread in a gate 
insulating-layer side, and trespasses 
upon a channel field by the impregnation 
layer. Thereby, fluctuation of a threshold 
electrical potential difference is 
prevented. In addition, if the molecular 
ion (N2+) of nitrogen is used when 
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carrying out the ion implantation of the 
nitrogen in the manufacture approach of 
the above-mentioned semiconductor 
device of claims 4 and 5 for example, 
compared with the case where the single 
ion (N+) of nitrogen is used, diffusion of 
an impurity will be controlled more. That 
is, since it is twice the mass number of 
this while being twice the nitrogen 
atomic number of this compared with the 
single ion (N+) of nitrogen, the 
crystallinity of the field where the 
molecular ion (N2+) of nitrogen is poured 
in turbulence-comes to be easy of the 
molecular ion (N2+) of nitrogen more. 
Thereby, while the channeling 
phenomenon at the time of the ion 
implantation of an impurity is controlled 
more, it is also controlled more that an 
impurity is spread at the time of heat 
treatment. 

[0028] In the bipolar transistor 
concerning claim 7, since p mold epitaxial 
growth phase contains boron and 
nitrogen, diffusion of boron is effectively 
prevented by the nitrogen. 
[0029] 

[Example] Hereafter, the example of this 
invention is explained based on a 
drawing. 

[0030] Drawing 1 is the sectional view 
having shown the semiconductor device 
which has a P channel MOS transistor by 
the 1st example of this invention. With 
reference to drawing 1 , the separation 
oxide film 2 is formed in the 



predetermined field on the main front 
face of the silicon substrate 1 of n mold 
with the semiconductor device by this 1st 
example. On the main front face of the 
silicon substrate 1 surrounded with the 
separation oxide film 2, predetermined 
spacing is separated and the source / 
drain fields 6a and 6b are formed so that 
it may face across the channel field 10. 
On the channel field 10, the gate 
electrode 4 which consists of polish recon 
film containing an impurity is formed 
through the gate oxide 3 which has the 
thickness of 500-2000A. The sidewall 
oxide film 5 is formed in a part for the 
both-sides wall of the gate electrode 4. 
[0031] Here, in this 1st example, the 
nitrogen impregnation fields 7a and 7b 
are formed, respectively so that the 
junction field of the source / drain fields 
6a and 6b may be covered. By these 
nitrogen impregnation fields 7a and 7b, 
an impurity can prevent a perpendicular 
direction and being spread horizontally 
effectively to the main front face of a 
silicon substrate 1 in the case of the heat 
treatment process at the time of 
formation of the source / drain fields 6a 
and 6b. The inconvenience that channel 
length becomes short by horizontal 
diffusion of an impurity by this like the 
conventional semiconductor device shown 
in drawing 41 is not produced, either. 
Consequently, a punch-through 
phenomenon can be prevented effectively. 
[0032] Drawing 2 - drawing 8 are the 
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sectional views for explaining the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . With reference to 
drawing 1 - drawing 8 , the manufacture 
process of the semiconductor device of the 
1st example is explained below. 
[0033] first, it is shown in drawing 2 - as 
■ the predetermined field on the main 
front face of the silicon substrate 1 of n 
mold - LOCOS the separation oxide 
film 2 is formed using law. After forming 
in the whole surface the non doped 
polysilicon film (not shown) which has 
silicon oxide (not shown) and the 
thickness of about 2000A, by carrying out 
patterning, the gate electrode 4 which 
consists of gate oxide 3 which consists of 
silicon oxide, and a non doped polysilicon 
film is formed. 

[0034] Next, as shown in drawing 3 , a 
resist 11 is formed using a 
photoengraving-process technique so that 
fields other than gate electrode 4 may be 
covered. The ion implantation of the 
boron (B) is carried out to the gate 
electrode 4 by using a resist 11 as a mask. 
Then, a resist 11 is removed. And as 
shown in drawing 4 , the impurity (boron) 
poured into the gate electrode 4 is 
activated by performing heat treatment 
for 30 minutes under about 
800-900-degree C temperature conditions. 
[0035] Next, by carrying out anisotropic 
etching, after forming silicon oxide (not 
shown) in the whole surface, as shown in 



drawing 5 , the sidewall oxide film 5 is 
formed in a part for the both-sides wall of 
the gate electrode 4. 

[0036] Next, as shown in drawing 6 , a 
resist 12 is. formed on the gate electrode 4 
using a photoengraving-process 
technique. Then, as shown in drawing 7 , 
the ion implantation of the nitrogen (N+) 
is carried out to a silicon substrate 1 by 
using a resist 12, the sidewall oxide film 5, 
and the separation oxide film 2 as a mask. 
The conditions of this ion implantation 
are set as a value (it is 0.065 micrometers 
at =30KeV) with larger concentration 
than the projection range (it is 0.032 
micrometers at =10KeV) of the boron 
with which 1x1015 to 1x1616 2 and 
impregnation energy/cm are poured in at 
an after process. By performing an ion 
implantation on the above impregnation 
conditions, the nitrogen impregnation 
fields 7a and 7b are formed. In addition, 
the ion implantation for formation of 
these nitrogen impregnation fields 7a and 
7b may be performed before forming the 
sidewall oxide film 5. 

[0037] Next, as shown in drawing 8 , the 
ion implantation of the boron is carried 
out to a silicon substrate 1 by using a 
resist 12, the sidewall oxide film 5, and 
the separation oxide film 2 as a mask. Fox 
impregnation energy, 0.032-micrometer 
projection range and high impurity 
concentration are [ this ion implantation ] 
2 five E15 pieces/cm at 10KeV(s). It 
carries out under conditions. Thereby, the 
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impurity impregnation fields 8a and 8b 
are formed. These impurity impregnation 
fields 8a and 8b will be in the condition of 
having been surrounded by the nitrogen 
impregnation fields 7a and 7b. Then, a 
resist is removed. 

[0038] Next, as shown in drawing 9 , 
furnace annealing for activating 
electrically the boron in impurity 
impregnation field 8a and 8b performs 
heat treatment for 30 minutes in 
nitrogen-gas-atmosphere mind under 
800-degree C temperature conditions. 
Although the boron in impurity 
impregnation field 8a and 8b is diffused 
toward the interior of a silicon substrate 
1 by this heat treatment, the nitrogen in 
nitrogen impregnation field 7a is diffused 
toward the front face of a silicon 
substrate 1. Diffusion inside the silicon 
substrate 1 of boron is controlled by the 
diffusion to silicon substrate 1 front face 
of this nitrogen. That is, diffusion inside 
[ silicon substrate 1 ] boron can be 
controlled by carrying out counter 
diffusion of the nitrogen to boron. Since 
diffusion of the boron of a direction along 
the main front face of a silicon substrate 
1 is also controlled by this, it can prevent 
effectively that channel length becomes 
short like before. Consequently, a 
punch-through phenomenon can be 
reduced. 

[0039] Drawing 10 is the correlation 
diagram having shown the relation 
between the nitrogen concentration 



immediately after a nitrogen ion 
implantation, and the depth from a 
substrate front face, and drawing 1111 is 
a correlation diagram having shown the 
relation between the nitrogen 
concentration after 800-degree-C 
annealing, and the depth from a 
substrate front face. Moreover, drawing 

12 is the correlation diagram having 
shown the relation between the boron 
concentration immediately after 
impregnation of boron ion, and the depth 
from a substrate front face by the 
comparison with the former, and drawing 

13 R> 3 is the correlation diagram having 
shown the relation between the boron 
concentration after 800-degree-C 
annealing, and the depth from a 
substrate front face by the comparison 
with the former. 

[0040] First, drawing 10 and drawing 11 
are referred to, and it is a nitrogen 
injection rate lE15/cm2 and lEl6/cm2 
When it sets up, each is understood that 
the diffusion depth from the substrate 
front face of a part with nitrogen 
concentration lower than immediately 
after impregnation is shallow after 
800-degree-C annealing. That is, it turns 
out that nitrogen is spread toward a 
substrate front face by annealing. 
Moreover, as shown in drawing 12 and 
drawing 13 R> 3, when there is no 
conventional nitrogen impregnation 
about boron concentration, compared 
with immediately after impregnation, it 
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turns out after annealing that the 
diffusion depth is deep remarkably. On 
the other hand, when [ that ] nitrogen 
impregnation is performed, it is 
immediately after impregnation and after 
annealing, and it turns out that 
distribution of boron concentration 
hardly changes and redistribution is 
hardly seen. That is, by performing 
nitrogen impregnation shows that 
diffusion inside [ of the boron by heat 
treatment ] a substrate can be controlled. 
However, it turns out that it is necessary 
to pour in nitrogen in the phase of an ion 
implantation more deeply than boron so 
that clearly from drawing 10 and drawing 
12. 

[0041] As mentioned above, if the 
postheat treatment in which the impurity 
impregnation fields 8a and 8b (refer to 
drawing 8 ) where the depth is shallower 
than it were formed is performed while 
forming the nitrogen impregnation fields 
7a and 7b where the depth is deep, 
diffusion inside [ of an impurity ] a 
substrate will be controlled. Thereby, the 
source / drain fields 6a and 6b with little 
breadth as shown in drawing 1 can be 
formed. 

[0042] Drawing 14 is the sectional view 
having shown the semiconductor device 
containing the P channel MOS transistor 
by the 2nd example of this invention. 
With reference to drawing 14 , like the 
1st example mentioned above, in this 2nd 
example, the nitrogen impregnation 



fields 7a and 7b are formed so that the 
source / drain fields 6a and 6b may be 
covered. Furthermore, unlike the 1st 
example, the nitrogen impregnation field 
15 is formed in the front face by the side 
of the gate oxide 3 of the gate electrode 14 
in this 2nd example. And the boron 
impregnation field 16 is formed on the 
nitrogen impregnation field 15 in the gate 
electrode 14. 

[0043] It can prevent effectively that 
boron passes gate oxide 3 in the case of 
heat treatment for activating the boron in 
the boron impregnation field 16, and is 
spread to the channel field 10 by the 
nitrogen impregnation field 15 at it. 
Thereby, fluctuation of the threshold 
electrical potential difference produced 
by diffusion of the impurity to the 
channel field 10 can be prevented 
effectively. 

[0044] Drawing 15 - drawing 1 8 are the 
sectional views for explaining the 
manufacture process of the gate electrode 
section of the semiconductor device of the 
2nd example shown in drawing 14 . With 
reference to drawing 15 - drawing 18 , the 
manufacture process of the 
semiconductor device of the 2nd example 
is explained below. 

[0045] first, it is shown in drawing 15 - 
as the predetermined field on the main 
front face of a silicon substrate 1 - 
LOCOS -- the separation oxide film 2 is 
formed using law. After forming the non 
doped polysilicon film (not shown) which 
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has the silicon oxide (not shown) which 
has the thickness of about 500-2000A, 
and the thickness of about 2000A so that 
the whole surface may be covered, by 
carrying out patterning, the gate 
electrode 14 which consists of gate oxide 3 
which consists of silicon oxide, and a non 
doped polysilicon film is formed. A resist 
17 is formed using a 
photoengraving-process technique so that 
parts other than gate electrode 14 may be 
covered. 

[0046] Next, as shown in drawing 16 , the 
ion implantation of the nitrogen (N+) is 
carried out to the gate electrode 14 by 
using a resist 17 as a mask. The ion 
implantation of this nitrogen is 2 one E15 
to IE 16 pieces/cm. It is concentration and 
the impregnation energy (for example, 
90KeV(s)) with which nitrogen ion is 
poured in even near the front face by the 
side of the gate oxide 3 of the gate 
electrode 14 performs. Thereby, the 
ion-implantation field 15 is formed. 
[0047] Next, it is boron five E15 pieces/cm 
to the gate electrode 14, using a resist 17 
as a mask, as shown in drawing 17 2 An 
ion implantation is carried out with 
impregnation energy (for example, 
30KeV(s)) with which the depth becomes 
shallower than the nitrogen 
impregnation field 15 by concentration. 
Thereby, the boron impregnation field 16 
is formed. Then, a resist 17 is removed. 
[0048] In order to activate the boron in 
the boron impregnation field 16 



electrically, heat treatment by 800 
degrees C - 1000 degrees C furnace 
annealing is performed. By this heat 
treatment, while diffusing the boron in 
the boron impregnation field 16 toward 
the direction of gate oxide 3, the nitrogen 
in the nitrogen impregnation field 15 is 
diffused toward the upper part. The 
diffusion to the gate oxide 3 direction of 
boron is controlled by the counter 
diffusion of this boron and nitrogen 
compared with the former. And as 
eventually shown in drawing 18 , it 
becomes the boron impregnation field 16 
and the structure where the nitrogen 
impregnation field 15 intervenes between 
gate oxide 3. 

[0049] Drawing 19 is the correlation 
diagram having shown the relation 
between the depth from the gate 
electrode surface immediately after an 
ion implantation, boron concentration, 
and nitrogen concentration, and drawing 
20 is the correlation diagram having 
shown the relation between the depth 
from the gate electrode surface after 
annealing (after heat treatment), boron 
concentration, and nitrogen 

concentration. With reference to drawing 
12 and drawing 20 , it turns out after 
annealing that the low-concentration 
part of boron concentration distribution is 
moving to the gate oxide 3 side for a while 
compared with immediately after 
impregnation. On the other hand after 
annealing, the thing [ that the 
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high-concentration part of nitrogen 
concentration distribution is moving to 
the opposite hand for a while in gate 
oxide 3 compared with immediately after 
impregnation ] is understood. This means 
that boron and nitrogen are carrying out 
counter diffusion. And the diffusion to the 
gate oxide 3 direction of boron is 
controlled by the counter diffusion of such 
boron and nitrogen. As shown in drawing 
20 , after annealing, it turns out that only 
nitrogen exists near the gate oxide 3. If 
such a condition is expressed in a cross 
section, it will become a cross- section 
configuration as shown in drawing 18 . 
[0050] After forming the gate electrode 14 
which contains an impurity as mentioned 
above, the sidewall oxide film 5 shown in 
drawing 14 , the source / drain fields 6a 
and 6b, and the nitrogen impregnation 
fields 7a and 7b are formed using the 
same manufacture process as the 1st 
example shown in drawing 5 - drawing 9 . 
Thus, the semiconductor device of the 
2nd example is completed. 
[0051] Drawing 21 ■ drawing 23 are the 
sectional views for explaining the 
manufacture process at the time of 
forming the gate electrode of the 
semiconductor device of the 2nd 
above-mentioned example by the doped 
polysilicon film. With reference to 

drawing 21 - drawing 23 , the 

manufacture process at the time of using 
a doped polysilicon as a gate electrode is 
explained. 



[0052] First, as shown in drawing 21 , the 
gate electrode 24 which consists of gate 
oxide 3 which consists of silicon oxide, 
and a doped polysilicon is formed in the 
predetermined field on the main front 
face of a silicon substrate 1. A resist 26 is 
formed so that parts other than gate 
electrode 24 may be covered. 
[0053] Next, as shown in drawing 22 , the 
ion implantation of the nitrogen (N+) is 
carried out to the gate electrode 24 by 
using a resist 26 as a mask. The 
impregnation conditions of this nitrogen 
are IE 15- IE 16 piece/cm2. It is high 
impurity concentration and impregnation 
energy (90KeV) with which nitrogen is 
poured into about three gate oxide 
performs. Thereby, the nitrogen 
impregnation field 25 is formed. Then, a 
resist 26 is removed. And in order to 
activate the impurity doped in the gate 
electrode 24, it heat-treats by furnace 
annealing under 800-1000-degree C 
temperature conditions. By this heat 
treatment, while diffusing the impurity 
in the gate electrode 24 toward the 
direction of gate oxide 3, the nitrogen of 
the nitrogen impregnation field 25 is 
diffused toward the direction of reverse in 
gate oxide 3. Thereby, an impurity and 
nitrogen will carry out counter diffusion 
and the diffusion to the gate oxide 3 of an 
impurity is controlled. Consequently, it is 
prevented that the impurity in the gate 
electrode 24 passes through gate oxide 3, 
and is spread even to a channel field. 
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Thereby, also when using a doped 
polysilicon film as a gate electrode 24, 
fluctuation of the threshold electrical 
potential difference produced by diffusion 
of the impurity to a channel field can be 
prevented as much as possible. In 
addition, after the above-mentioned heat 
treatment, as shown in drawing 23 , an 
impurity will be in the condition of 
having been contained a little, in the 
nitrogen impregnation field 25. 
[0054] Drawing 24 is the sectional view 
having shown the semiconductor device 
containing the CMOS transistor by the 
3rd example of this invention. With 
reference to drawing 24 , the separation 
oxide film 32 is formed in the 
predetermined field on the main front 
face of a silicon substrate 31 in this 3rd 
example. Moreover, on the main front 
face of a silicon substrate 31, it is formed 
so that the N well 33 and the P well 34 
may adjoin. 

[0055] Predetermined spacing is 
separated and the source / drain fields 
40a and 40b are formed so that it may 
face across the channel field 51 on the 
main front face of the N well 33. The 
nitrogen impregnation fields 41a and 41b 
are formed so that the source / drain 
fields 40a and 40b may be covered, 
respectively. On the channel field 51, gate 
electrode 36a is formed through gate 
oxide 35a. Nitrogen impregnation field 
38a is formed in the gate oxide 35a side in 
gate electrode 36a. Boron impregnation 



field 37a is formed on the nitrogen 
impregnation field 38a. Sidewall 
oxide -film 39a is formed in the 
side-attachment-wall part of gate 
electrode 36a. 

[0056] Predetermined spacing is 
separated so that it may face across the 
channel field 52 on the main front face of 
the P well 34, and it is n+, The source / 
drain fields 43a and 43b are formed. n+ 
In the channel field 52 side of the source / 
drain fields 43a and 43b, it is n, 
respectively. - The source / drain fields 
42a and 42b are formed. On the channel 
field 52, gate electrode 36b is formed 
through gate oxide 35b. Nitrogen 
impregnation field 38b is formed in the 
gate oxide 35b side in gate electrode 36b, 
and boron impregnation field 37b is 
formed on nitrogen impregnation field 
38b. Sidewall oxide-film 39b is formed in 
a part for the both-sides wall of gate 
electrode 36b. 

[0057] The P channel MOS transistor is 
formed of the source / drain fields 40a and 
40b in the N well 33, and gate electrode 
36a. n+ in the P well 34 The source / 
drain fields 43a and 43b, and n- The 
N-channel metal oxide semiconductor 
transistor of LDD (Lightly DopedDrain) 
structure is formed of the source / drain 
fields 42a and 42b, and gate electrode 36b. 
[0058] Here, in this 3rd example, the 
nitrogen impregnation fields 41a and 41b 
are formed, respectively so that the 
source / drain fields 40a and 40b which 
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constitute a P channel MOS transistor 
may be covered. It can prevent effectively 
that the impurity in the source / drain 
field 40a, and 40b is spread toward the 
interior of the N well 33 by heat 
treatment at the time of formation of the 
source / drain fields 40a and 40b by these 
nitrogen impregnation fields 41a and 41b. 
Thereby, since the diffusion by the side of 
the channel field 51 of the impurity in the 
source / drain field 40a, and 40b is also 
controlled, it can prevent that channel 
length becomes short. Consequently, a 
punch-through phenomenon can be 
prevented effectively. This effectiveness is 
effective especially when a component is 
made detailed. 

[0059] In addition, n+ which constitutes 
an N-channel metal oxide semiconductor 
transistor The source / drain fields 43a 
and 43b are not formed for the wrap 
nitrogen impregnation field because 
there is little diffusion according [ n mold 
impurity ] to heat treatment compared 
with p mold impurity, these for example, 
IEEETRANSACTION ON ELECTRON 
DEVICES.VOL.35.NO. - 5 and 1988 It is 
indicated by pp 659 668. 
[0060] Moreover, in this 3rd example, the 
nitrogen impregnation fields 38a and 38b 
are formed in the field by the side of gate 
electrode 36a which constitutes a P 
channel MOS transistor, gate oxide 35a of 
gate electrode 36b which constitutes an 
N-channel metal oxide semiconductor 
transistor, and 35b, respectively. And the 



boron impregnation fields 37a and 37b 
are formed on nitrogen impregnation 
field 38a and 38b, respectively. It can 
prevent effectively that boron passes 
through gate oxide 35a and 35b in the 
case of heat treatment for activating the 
boron in boron impregnation field 37a 
and 37b, and is spread in the channel 
field 51 and 52 by these nitrogen 
impregnation fields 38a and 38b at it. 
Thereby, fluctuation of the channel field 

51 and the threshold electrical potential 
difference by diffusion of the boron into 

52 can be prevented. Consequently, it can 
prevent effectively that the property of a 
CMOS transistor deteriorates. 

[0061] Drawing 25 - drawing 34 are the 
sectional views for explaining the 
manufacture process of the 
semiconductor device of the 3rd example 
shown in drawing 24 . With reference to 

drawing 24 - drawing 34 , the 

manufacture process of the 
semiconductor device of the 3rd example 
is explained below. 

[0062] First, as shown in drawing 25 , it 
forms so that the N well 33 and the P well 
34 may be adjoined on the main front face 
of a silicon substrate 31. the 
predetermined field on the main front 
face of a silicon substrate 31 LOCOS 
the separation oxide film 32 is formed 
using law. 

[0063] Next, as shown in drawing 2 Q , 
after forming in the whole surface silicon 
oxide (not shown) and the non doped 
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polysilicon film (not shown) which has 
the thickness of about 2000A, the gate 
electrodes 36a and 36b which consist of 
gate oxide 35a and 35b which consists of 
silicon oxide, and a non doped polysilicon 
film are formed by carrying out 
patterning. 

[0064] Next, as shown in drawing 27 , a 
resist 44 is formed using a 
photoengraving-process technique so that 
parts other than gate electrode 36a and 
36b may be covered. The ion implantation 
of the nitrogen (N+) is carried out to the 
gate electrodes 36a and 36b by using a 
resist 44 as a mask. The impregnation 
conditions of this nitrogen are 2 one E15 
to IE 16 pieces/cm. It is concentration and 
impregnation energy (for example, 
90KeV(s)) with which nitrogen ion is 
poured in even near the gate oxide 35a 
and 35b performs. Thereby, the nitrogen 
impregnation fields 38a and 38b are 
formed. 

[0065] Next, as shown in drawing 28 , 
boron is poured into the gate electrodes 
36a and 36b by using a resist 44 as a 
mask. Impregnation energy (for example, 
30KeV(s)) which becomes shallower [ cm ] 
five E15 pieces /than the nitrogen 
impregnation fields 38a and 38b at the 
high impurity concentration of 2 
performs the impregnation conditions of 
this boron. Thereby, the boron 
impregnation fields 37a and 37b are 
formed. Then, a resist 44 is removed. And 
furnace annealing etc. is heat-treated 



under 800-1000-degree C temperature 
conditions. By this heat treatment, the 
boron in boron impregnation field 37a 
and 37b diffuses the nitrogen in nitrogen 
impregnation field 38a and 38b toward a 
direction reversely in gate oxide 35a and 
35b while diffusing it toward gate oxide 
35a and 35b. 

[0066] Thereby, boron and nitrogen will 
carry out counter diffusion and the 
diffusion to gate oxide 35a of boron and 
the direction of 35b is controlled. 
Consequently, it is prevented effectively 
that boron passes through gate oxide 35a 
and 35b, and is spread to a channel field 
by heat treatment for activation of boron. 
Thereby, fluctuation of a threshold 
electrical potential difference can be 
prevented. 

[0067] Of the counter diffusion of above 
boron and nitrogen, the nitrogen 
impregnation fields 38a and 38b and the 
boron impregnation fields 37a and 37b as 
eventually shown in drawing 29 are 
formed. 

[0068] Next, as shown in drawing 30 , a 
resist 45 is formed using a 
photoengraving-process technique so that 
the N well 33 and the gate electrodes 36a 
and 36b may be covered. The ion 
implantation of Lynn (P) is carried out to 
the P well 34 by using a resist 45 as a 
mask. Thereby, it is n of low high 
impurity concentration. - The source / 
drain fields 42a and 42b are formed. 
Then, a resist 45 is removed. 
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[0069] Next, as shown in drawing 31 , 
after forming silicon oxide (not shown) in 
the whole surface, the sidewall oxide 
films 39a and 39b are formed in the 
side attachment- wall part of the gate 
electrodes 36a and 36b by carrying out 
anisotropic etching. 

[0070] Next, as shown in drawing 32 , a 
resist 46 is formed using a 
photoengraving-process technique so that 
the N well 33 and the gate electrodes 36a 
and 36b may be covered. Arsenic (As) is 
poured into the P well 34 with high high 
impurity concentration by using a resist 
46 as a mask. Thereby, it is n+. The 
source / drain fields 43a and 43b are 
formed. Then, a resist 46 is removed. 
[0071] Next, as shown in drawing 33 , a 
resist 47 is formed using a 
photoengraving-process technique so that 
the P well 34 and the gate electrodes 36a 
and 36b may be covered. It is nitrogen 
one E15 to IE 16 pieces/cm to the N well 
33, using a resist 47 and sidewall 
oxide -film 39a as a mask 2 An ion 
implantation is carried out by 
concentration. The impregnation energy 
is set as a larger value Gt is 0.065 
micrometers at 30KeV) than the 
projection range (it is 0.032 micrometers 
at lOKeV) of the boron poured in at an 
after process. Thus, by carrying out the 
ion implantation of the nitrogen, the 
nitrogen impregnation fields 41a and 41b 
are formed. 

[0072] Next, as shown in drawing 34 , the 



ion implantation of the boron is carried 
out to the N well 33 by using a resist 47 
and sidewall oxide film 39a as a mask. 
The ion implantation of this boron is 2 
five E15 pieces/cm. 0.032-micrometer 
impregnation energy performs by high 
impurity concentration and lOKeV. 
Thereby, the boron impregnation fields 
40a and 40b shallower than the nitrogen 
impregnation fields 41a and 41b are 
formed. Namely, the boron impregnation 
fields 40a and 40b will be in the condition 
of having been surrounded by the 
nitrogen impregnation fields 41a and 41b, 
respectively. 

[0073] Then, a resist 47 is removed. And 
in order to activate boron electrically, 
furnace annealing performs heat 
treatment for 30 minutes in 
nitrogen-gas-atmosphere mind under 
800-degree C temperature conditions. By 
this heat treatment, while diffusing the 
boron in boron impregnation field 40a 
and 40b toward the interior of the N well 
33, the nitrogen in nitrogen impregnation 
field 41a and 41b is diffused toward the 
front face of the N well 33. 
[0074] Diffusion inside the N well 33 of 
boron is controlled by the counter 
diffusion of such boron and nitrogen. 
Consequently, the diffusion to the 
channel field 51 direction of the boron 
impregnation fields 40a and 40b is also 
controlled. It can prevent by this that 
channel length becomes short effectively, 
and, as a result, a punch-through 
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phenomenon can be reduced. The source / 
drain fields 40a and 40b where diffusion 
as eventually shown in drawing 24 was 
controlled by the counter diffusion of such 
boron and nitrogen are formed. 
[0075] In addition, in the manufacture 
process of the semiconductor device of the 
1st above-mentioned example - the 3rd 
example, although boron ion is poured in 
after impregnation of nitrogen ion, even if 
it pours in boron ion before impregnation 
of nitrogen ion, the same effectiveness is 
done so. Moreover, in the manufacture 
process of the semiconductor device of the 
1st above-mentioned example - the 3rd 
example, as the heat treatment approach 
for activation of an impurity, although 
furnace annealing was used, even if it 
uses rapid thermal annealing (RTA), the 
same effectiveness is done so. 
Furthermore, although boron was used in 
the semiconductor device of the 1st 
example of the above - the 3rd example as 
a p mold impurity contained to the source 
/ drain field, this invention may use boron 
compounds, such as not only this but BF3 
and BF2, BF, and BC1. 
[0076] Moreover, although nitrogen was 
used in the 1st above-mentioned example 
- the 3rd example as what prevents 
diffusion of boron, the same effectiveness 
can be acquired even if it uses a fluorine, 
an argon, oxygen, carbon, etc. 
[0077] Drawing 35 is the sectional view 
having shown the semiconductor device 
(pnp mold bipolar transistor) by the 4th 



example of this invention. With reference 
to drawing 35 , the p type silicon collector 
62 is formed on the main front face of the 
p type silicon substrate 61 by the bipolar 
transistor by this 4th example. In the 
predetermined field on the main front 
face of the p type silicon collector 62, it is 
Si02. Film 65 and 68 is formed. Si02 n 
mold silicon base 63 is formed on the p 
type silicon collector 62 of the field 
surrounded by film 65 and 68. In the 
predetermined field on n mold silicon 
base 63, it is p+. The mold silicon 
epitaxial layer emitter 64 is formed. 
[0078] Moreover, p+ It is Si02 so that it 
may cover the side-face part of the mold 
silicon epitaxial layer emitter 64, and on 
top [ a part of]. Film 66 and 67 is formed. 
It is formed in the predetermined field on 
n mold silicon base 63 so that base 
electrodes 69 and 71 may connect with n 
mold silicon base 63 electrically. p+ In the 
predetermined field on the up front face 
of a mold silicon epitaxial layer emitter, it 
is p+. The emitter electrode 70 is formed 
so that it may connect with the mold 
silicon epitaxial layer emitter 64 
electrically. 

[0079] p+ by which boron was doped by 
the pnp mold bipolar transistor of this 
4th example here In the mold silicon 
epitaxial layer emitter 4, nitrogen (N+) is 
3 1x1019 pieces/cm. It is contained the 
grade. Thereby, it is p+ by heat treatment 
in the case of activation of an impurity. 
Boron can carry out thermal diffusion 



19 



JP08-078674 



toward n mold silicon base 63 from the 
mold silicon epitaxial layer emitter 64, 
and the inconvenience of running 
through n mold silicon base where 
thickness is thin can be prevented 
effectively. That is, nitrogen serves to 
control diffusion of boron. In addition, the 
content of nitrogen is 3 1x1019 pieces/cm. 
Although the effectiveness described 
above shows up notably, the diffusion 
depressor effect of the boron of extent 
which is also less than [ it ] is acquired. 
[0080] In addition, the p type silicon 
collector 62 and n mold silicon base 63 
may be formed using ion-implantation as 
the manufacture approach of the pnp 
type transistor of the 4th 
above-mentioned example, and may be 
formed with epitaxial growth. Boron is 
used as an impurity of p mold, using 
antimony (Sb) and arsenic (As) as an 
impurity of n mold. p+ The mold silicon 
epitaxial layer emitter 64 is formed with 
epitaxial growth, and in case [ that ] 
epitaxial growth is carried out, it dopes 
nitrogen with boron. 

[0081] Drawing 36 is the sectional view 
having shown the npn mold bipolar 
transistor by the 5th example of this 
invention. It is an example of application 
about the npn mold bipolar transistor in 
which high- speed operation is possible in 
this 5th example with reference to 
drawing 3636 . In this 5th example, n 
mold silicon collector 73 is formed on the 
main front face of n mold silicon 



substrate 72. It is Si02 to the 
predetermined field on the main front 
face of n mold silicon collector 73. Film 65 
and 68 is formed. Si02 On the main front 
face of n mold silicon collector 73 
surrounded with film 65 and 68, the p 
mold SiGe epitaxial layer base 74 is 
formed, n mold epitaxial layer emitter 75 
is formed in the predetermined field on 
the main front face of the p mold SiGe 
epitaxial layer base 74. It is Si02 so that 
a part of side face of n mold epitaxial 
layer emitter 75 and up front face may be 
covered. Film 66 and 67 is formed. On the 
up front face of n mold epitaxial layer 
emitter 75, it is formed so that the 
emitter electrode 70 may connect 
electrically. It is formed in the 
predetermined field on the p mold SiGe 
epitaxial layer base 74 so that base 
electrodes 69 and 71 may connect 
electrically. 

[0082] Here, in the npn mold 
hetero-bipolar transistor of this 5th 
example, nitrogen (N+) is doped with 
boron all over the p mold SiGe epitaxial 
layer base 74. The thermal diffusion of 
boron is effectively prevented by this 
nitrogen. Thereby, boron is spread from 
the p mold SiGe epitaxial layer base 74, 
and effective base width of face can 
prevent effectively breadth and the 
inconvenience of as a result degrading 
cutoff frequency and a highspeed 
operation property. 

[0083] In addition, although the 4th 
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above-mentioned example and the 5th 
above-mentioned example showed the 
example which applied this invention to 
the bipolar transistor, the manufacture 
approach by this invention which dopes 
boron and nitrogen simultaneously and 
prevents diffusion of boron in epitaxial 
growth is applicable to the device of all 
the silicon systems that have an epitaxial 
growth process. 

[0084] Moreover, although the 4th 
example and the 5th example which were 
mentioned above are an example of 
application about an epitaxial growth 
phase (short term few layer), they can 
expect the same effectiveness also in a 
polish recon layer or an amorphous 
silicon layer. That is, diffusion of boron 
can be effectively controlled by doping 
nitrogen simultaneously at the time of 
membrane formation of the amorphous 
silicon layer which dopes the polish recon 
layer which dopes boron, and boron. 
[0085] Next, the 6th example of this 
invention is explained. In this 6th 
example, unlike the manufacture 
approach of the 1st above-mentioned 
example - the 5th example, when 
carrying out the ion implantation of the 
nitrogen, not the single ion (N+) of 
nitrogen but the molecular ion (N2+) of 
nitrogen is used. The molecular ion (N2+) 
of nitrogen is also twice the mass number 
of this while a nitrogen atomic number is 
twice the single ion (N+) of nitrogen. 
Therefore, the crystallinity of an 



ion-implantation field is turbulence and a 
cone from impregnation according [ the 
direction of the impregnation by nitrogen 
content child ion (N2+) even if it performs 
an ion implantation by the amount of the 
same charges and the same nitrogen 
atomic number ] to nitrogen single ion 
(N+). Therefore, if nitrogen content child 
ion (N2+) is used, while being able to 
control more the channeling at the time 
of the ion implantation of a P type 
impurity compared with the case where 
nitrogen single ion (N+) is used, diffusion 
of the P type impurity at the time of heat 
treatment can be controlled more. 
[0086] Drawing 37 is impurity profile 
drawing having shown the diffusion 
condition of the boron (B) when not 
performing the ion implantation of 
nitrogen, drawing 38 is impurity profile 
drawing having shown the diffusion 
condition of the boron (B) in the case of 
carrying out the ion implantation of the 
single ion (N+) of nitrogen, and drawing 
39 is impurity profile drawing having 
shown the diffusion condition of the boron 
(B) in the case of carrying out the ion 
implantation of the molecular ion (N2+) 
of nitrogen. In addition, the boron (B) 
shown in drawing 37 R> 7 - drawing 39 is 
the impregnation energy of 10keV(s), and 
5xl015-/cm2 to a silicon substrate. The 
ion implantation was performed under 
the conditions of the amount of ion 
implantations. And it heat-treated about 
30 minutes under 800-degree C 



21 



JP08-078674 



temperature conditions in 

nitrogen-gas-atmosphere mind. Moreover, 
the single ion (N+) of nitrogen is [ as 
opposed to / as shown in drawing 38 / a 
silicon substrate ] Ixl015-/cm2 at the 
impregnation energy of 30keV(s). The ion 
implantation was carried out under the 
conditions of the amount of ion 
implantations. Moreover, the molecular 
ion (N2+) of nitrogen is [ as opposed to / 
as shown in drawing 39 / a silicon 
substrate ] Ixl015-/cm2 at the 
impregnation energy of 60keV(s). The ion 
implantation was carried out under the 
conditions of the amount of ion 
implantations. 

[0087] When nitrogen ion (N+ and N2+) 
is poured in with reference to drawing 37 
" drawing 39 , it turns out that the 
diffusion depth of boron (B) is shallowly 
formed compared with the case where 
nitrogen ion is not poured in. Moreover, it 
turns out that the diffusion depth is 
shallow rather than the case where the 
direction which performed the ion 
implantation of the molecular ion (N2+) 
of nitrogen performs the ion implantation 
of the single ion (N+) of nitrogen with 
reference to drawing 38 and drawing 39 . 
That is, it turns out that it can prevent 
effectively that boron (B) is spread rather 
than the case where the direction which 
performed the ion implantation using the 
molecular ion (N2+) of nitrogen uses the 
single ion (N+) of nitrogen. 
[0088] Moreover, when an ion 



implantation is carried out using the 
molecular ion (N2+) of nitrogen, 
compared with the case where the single 
ion (N+) of nitrogen is used, dispersion in 
the resistance within a silicon wafer side 
can be decreased. If in other words the 
molecular ion (N2+) of nitrogen is used, 
compared with the case where the single 
ion (N+) of nitrogen is used, the 
homogeneity of the resistance within a 
silicon wafer side can be raised. The 
following results were obtained when the 
invention-in- this- application person 
experimented actually. That is, it poured 
in under the same conditions as the 
ion-implantation conditions which 
showed the single ion (N+) of nitrogen to 
one silicon wafer at drawing 38 , and 
poured in on the same impregnation 
conditions as the impregnation conditions 
which showed the molecular ion (N2+) of 
nitrogen to the silicon wafer of another 
side at drawing 39 . And the homogeneity 
of the resistance of two silicon wafers was 
measured. Specifically, the following 
formulas were used. 

[0089] Homogeneity of resistance = when 
calculated based on the formula of the 
average xlOO above of the standard 
deviation/resistance of resistance, when 
the single ion (N+) of nitrogen was used, 
it was homogeneous =12.997% of 
resistance, and when the molecular ion 
(N2+) of nitrogen was used, it was 
homogeneous =0.943% of resistance. The 
more the homogeneous value of this 
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resistance is small, the more it is shown 
that the homogeneity of resistance is 
improving. Therefore, in using the 
molecular ion (N2+) of nitrogen, it turns 
out that the homogeneity of the 
resistance of a silicon wafer can be 
remarkably raised compared with the 
case where the single ion (N+) of nitrogen 
is used. 
[0090] 

[Effect of the Invention] As mentioned 
above, according to the semiconductor 
device given in claims 1 and 2, it can 
prevent effectively that the impurity is 
spread toward the interior of a 
semiconductor region in the case of heat 
treatment for activating the impurity in 
the source / drain field by the 
impregnation layer by forming the 
impregnation layer which has the 
junction depth of the source / drain field, 
and the depth more than equivalent 
along the whole region of the junction 
field of the source / drain field. Thereby, 
the impurity in the source / drain field 
can also prevent being spread in a 
channel field side by heat treatment, and 
the inconvenience that channel length 
becomes short can be prevented. 
Consequently, a punch-through 
phenomenon can be prevented effectively. 
Moreover, if it forms so that the source / 
drain field may be covered while having 
the larger depth than the junction depth 
of the source / drain field for the 
above-mentioned impregnation layer, 



diffusion of the impurity in the source / 
drain field can be prevented more to 
validity. 

[0091] According to the semiconductor 
device according to claim 3, it can control 
effectively that the impurity in a gate 
electrode is spread toward a gate 
insulating-layer side in the case of heat 
treatment for activating the impurity in a 
gate electrode by forming an 
impregnation layer near the front face by 
the side of the gate insulating layer of the 
gate electrode containing an impurity. 
Thereby, the impurity in a gate electrode 
can prevent passing through a gate 
insulating layer and being spread even to 
a channel field. Consequently, fluctuation 
of the threshold electrical potential 
difference by diffusion of the impurity to 
a channel field can be prevented. 
[0092] An impregnation layer is formed 
by carrying out the ion implantation of 
the one chosen from the group which 
becomes the semiconductor region of the 
1st conductivity type from nitrogen, a 
fluorine, an argon, oxygen, and carbon by 
the 1st projection range according to the 
manufacture approach of a 
semiconductor device according to claim 4. 
By forming one pair of impurity ranges of 
the 2nd conductivity type in the same 
semiconductor region by carrying out the 
ion implantation of the impurity of the 
2nd conductivity type by the 2nd 
projection range smaller than the 1st 
projection range, the impurity range will 
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be in the condition of having been 
surrounded by the impregnation layer. 
When the postheat treatment is 
performed, while diffusing the impurity 
in an impurity range toward the interior 
of a semiconductor region by this, the 
nitrogen in an impregnation layer is 
diffused toward the front face of a 
semiconductor region. Consequently, an 
impurity and nitrogen will carry out 
counter diffusion and can control 
diffusion inside [ of an impurity ] a 
semiconductor region. Thereby, the 
diffusion by the side of the channel field 
of an impurity can also be controlled, and 
it can prevent that channel length 
becomes short. Consequently, the 
semiconductor device which can prevent 
a punch-through phenomenon effectively 
can be manufactured easily. 
[0093] According to the manufacture 
approach of a semiconductor device 
according to claim 5, an impurity range is 
formed in a gate electrode by introducing 
an impurity into a gate electrode. By 
forming the impregnation layer which 
has the depth more than an impurity 
range and an EQC by carrying out the ion 
implantation of the one chosen from the 
group which becomes the gate electrode 
from nitrogen, a fluorine, an argon, 
oxygen, and carbon When heat-treating 
after that, while diffusing the impurity in 
an impurity range toward a gate 
insulating layer, the nitrogen in an 
impregnation layer is diffused toward the 



direction of reverse with a gate insulating 
layer. Thereby, an impurity and nitrogen 
will carry out counter diffusion and can 
control the diffusion by the side of the 
gate insulating layer of an impurity. 
Consequently, an impurity can prevent 
effectively passing through a gate 
insulating layer and being spread even to 
a channel field. Thereby, the 
semiconductor device which can prevent 
fluctuation of a threshold electrical 
potential difference can be manufactured 
easily. In addition, if the molecular ion 
. (N2+) of nitrogen is used as nitrogen ion 
when carrying out the ion implantation of 
the nitrogen in the above-mentioned 
manufacture approach of claims 4 and 5 
according to invention according to claim 
6, compared with the case where the 
single ion (N+) of nitrogen is used, 
diffusion of an impurity can be controlled 
further. 

[0094] According to the bipolar transistor 
according to claim 7, it can prevent 
effectively that can prevent diffusion of 
boron effectively with nitrogen, 
consequently the high-speed operation 
property and cut-off frequency property of 
for example, a npn mold transistor 
deteriorate by constituting p mold 
epitaxial growth phase which constitutes 
a bipolar transistor so that boron and 
nitrogen may be included. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
fDrawing ll It is the sectional view 
having shown the semiconductor device 
containing the P channel MOS transistor 
by the 1st example of this invention. 
fDrawing 21 It is a sectional view for 
explaining the 1st process of the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . 

[Drawing 31 It is a sectional view for 
explaining the 2nd process of the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . 

[Drawing 4l It is a sectional view for 
explaining the 3rd process of the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . 

fDrawing 51 It is a sectional view for 
explaining the 4th process of the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . 

[Drawing 6l It is a sectional view for 
explaining the 5th process of the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . 

[Drawing 7l It is a sectional view for 
explaining the 6th process of the 
manufacture process of the 



semiconductor device of the 1st example 
shown in drawing 1 . 

[Drawing 8l It is a sectional view for 
explaining the 7th process of the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . 

fDrawing 91 It is a sectional view for 
explaining the 8th process of the 
manufacture process of the 
semiconductor device of the 1st example 
shown in drawing 1 . 

fDrawing 101 In the nitrogen 
impregnation process shown in drawing 
7 , it is the correlation diagram having 
shown the relation between the depth 
immediately after impregnation, and 
nitrogen concentration. 
fDrawing 111 In the annealing (heat 
treatment) process shown in drawing 9 , 
it is the correlation diagram having 
shown the relation between the depth 
after 800degreeC annealing, and 
nitrogen concentration. 
fDrawing 12l In the boron impregnation 
process shown in drawing 8 , it is the 
correlation diagram having shown the 
relation between the depth immediately 
after impregnation, and boron 
concentration by the comparison with the 
former. 

fDrawing 13l It is the correlation 
diagram having shown the relation 
between the depth after 800-degree-C 
annealing, and boron concentration by 
the comparison with the former in the 
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annealing (heat treatment) process 
shown in drawing 9 . 

[Drawing 14l It is the sectional view 
having shown the semiconductor device 
containing the P channel MOS transistor 
by the 2nd example of this invention. 
[Drawing 15l It is a sectional view for 
explaining the 1st process of the 
manufacture process of the 
semiconductor device of the 2nd example 
shown in drawing 14 . 
[Drawing 16l It is a sectional view for 
explaining the 2nd process of the 
manufacture process of the 
semiconductor device of the 2nd example 
shown in drawing 14 . 
[Drawing 17l It is a sectional view for 
explaining the 3rd process of the 
manufacture process of the 
semiconductor device of the 2nd example 
shown in drawing 14 . 
[Drawing 181 It is a sectional view for 
explaining the 4th . process of the 
manufacture process of the 
semiconductor device of the 2nd example 
shown in drawing 14 . 
[Drawing 191 In the impregnation process 
of the nitrogen and boron which were 
shown in drawing 16 and drawing 17 , it 
is the correlation diagram having shown 
the relation between the depth from the 
gate electrode surface after annealing, 
boron concentration, and nitrogen 
concentration. 

[Drawing 201 In the annealing (heat 
treatment) process shown in drawing 18 , 



it is the correlation diagram having 
shown the relation between the depth 
from a gate electrode surface, boron 
concentration, and nitrogen 

concentration. 

[Drawing 2ll In the semiconductor device 
of the 2nd example shown in drawing 14 , 
it is a sectional view for explaining the 
1st process of a manufacture process in 
case a gate electrode is formed of a doped 
poly silicon. 

[Drawing 221 In the semiconductor device 
of the 2nd example shown in drawing 14 , _ 
it is a sectional view for explaining the 
2nd process of a manufacture process in 
case a gate electrode is formed of a doped 
poly silicon. 

[Drawing 231 In the semiconductor device 
of the 2nd example shown in drawing 14 , 
it is a sectional view for explaining the 
3rd process of a manufacture process in 
case a gate electrode is formed of a doped 
poly silicon. 

[Drawing 24l It is the sectional view 
having shown the semiconductor device 
containing the CMOS transistor by the 
3rd example of this invention. 
[Drawing 251 It is a sectional view for 
explaining the 1st process of the 
manufacture process of the 
semiconductor device of the 3rd example 
shown in drawing 24 . 
[Drawing 261 It is a sectional view for 
explaining the 2nd process of the 
manufacture process of the 
semiconductor device of the 3rd example 
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shown in drawing 24 . 

[Drawing 27l It is a sectional view for 

explaining the 3rd process of the 

manufacture process of the 

semiconductor device of the 3rd example 

shown in drawing 24 . 

fDrawing 281 It is a sectional view for 

explaining the 4th process of the 

manufacture process of the 

semiconductor device of the 3rd example 

shown in drawing 24 . 

fDrawing 291 It is a sectional view for 

explaining the 5th process of the 

manufacture process of the 

semiconductor device of the 3rd example 

shown in drawing 24 . . 

fDrawing 30l It is a sectional view for 

explaining the 6th process of the 

manufacture process of the 

semiconductor device of the 3rd example 

shown in drawing 24 . 

fDrawing 3ll It is a sectional view for 

explaining the 7th process of the 

manufacture process of the 

semiconductor device of the 3rd example 

shown in drawing 24 . 

fDrawing 321 It is a sectional view for 

explaining the 8th process of the 

manufacture process of the 

semiconductor device of the 3rd example 

shown in drawing 24 . 

fDrawing 33l It is a sectional view for 

explaining the 9th process of the 

manufacture process of the 

semiconductor device of the 3rd example 

shown in drawing 24 . 



fDrawing 34] It is a sectional view for 
explaining the 10th process of the 
manufacture process of the 
semiconductor device of the 3rd example 
shown in drawing 24 . 
fDrawing 351 It is the sectional view 
having shown the pnp mold bipolar 
transistor by the 4th example of this 
invention. 

fDrawing 361 It is the sectional view 
having shown the npn mold bipolar 
transistor by the 5th example of this 
invention. 

fDrawing 37l It is impurity profile 
drawing having shown the diffusion 
condition of the boron (B) when not 
pouring in nitrogen ion. 
fDrawing 38] It is impurity profile 
drawing having shown the diffusion 
condition of the boron (B) in the case of 
pouring in the single ion (N+) of nitrogen. 
fDrawing 39l It is impurity profile 
drawing having shown the diffusion 
condition of the boron (B) in the case of 
pouring in the molecular ion (N2+) of 
nitrogen. 

fDrawing 40l It is the sectional view 
having shown the semiconductor device 
containing the conventional PMOS 
transistor. 

fDrawing 4l1 It is a sectional view for 
explaining the 1st process of the 
manufacture process of the conventional 
semiconductor device shown in drawing 
4Q. 

fDrawing 421 It is a sectional view for 
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explaining the 2nd process of the 
manufacture process of the conventional 
semiconductor device shown in drawing 
40. 

[Drawing 43l It is a sectional view for 
explaining the 3rd process of the 
manufacture process of the conventional 
semiconductor device shown in drawing 
40 . 

rDrawing 441 It is a sectional view for 
explaining the 4th process of the 
manufacture process of the conventional 
semiconductor device shown in drawing 
40. 

[Drawing 451 It is a sectional view for 
explaining the 5th process of the 
manufacture process of the conventional 
semiconductor device shown in drawing 
4Q. 

[Drawing 461 It is a sectional view for 
explaining the 6 th process of the 
manufacture process of the conventional 
semiconductor device shown in drawing 
4Q. 

[Drawing 47l It is a sectional view for 
explaining the trouble of the conventional 
semiconductor device. 
[Description of Notations] 
1 A silicon substrate, 2 A separation oxide 
film, 3 Gate oxide, 4 A gate electrode, 5 
sidewall oxide film, 6a, 6b The source / 
drain field, 7a, 7b A nitrogen 
impregnation field, 15 A nitrogen 
impregnation field, 16 Boron 
impregnation field. In addition, the same 
sign shows the same or a considerable 



part among each drawing. 
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\z.V5itZftZ>c mtcti?, f^^A-gl^©^^© 

[0026] m*i%4iz.&z¥&&m&<oMmjf&:x 

v, ttH, J: 0 1 o*sf 1 ©a 

mmuxj tVftA $ ft* r. b K X otftAI* s I^ £ 
H> * *-.¥##ffi«K3£ 2 t§S©»^f 1 rogiJ 

t k <to-cB 1 *ma© 1 tt<Dyft&9!immwi& z ft, 
*:(D'&m<&m*m£ft?><Dx. ^(omeM<om\^±ti^ 

fc&AJI K X o T^*E^IS«c©^*6^* s Sfc«-t-5 ©^W 
m%}\zm&isft2>. 

[0027] n*&5\z&z>¥m>&nmvm&jjmx 

fiix-C 1 0$:^ ^x&A-TS r i: lc <t r>X*z<£>^WWm. 
i$kmmu±<n&£*&1rZfrAm&1&i&£ft* 
mf£M&M£ft5<Z>X' > SEAStdJco-C^fiNfi^fS^©^ 
ttttis^- hiteltSft!l^J£t!i:LT^^^v^B«Jc@A-t- 

Pi±£ftZ> 0 tets. ±EL7l:BI*5l4*sJ:tf5 0i)t*# 

b z.&g.m(Dft7-4 (N 2 + ) Srfllv^ri, a*© 
^ — f;*-^ (N + ) Srffl^5»^Kib'«TJ:5^««»© 

tt»iP»fw*ti/*. -t-fcfc>*>, asuo^f-r*^ (N 2 
+ ) tta^©*- — r^-^ (n + > \ctt'<xg.mm*ik& 
2g-efc5i tt>^®*^c*s2«-e*)5fc«), ^©^ 

^F-r^v (N 2 + ) *sSEA$tt5«i«©^*14>6SJ:9a 
*u^f<**. r^it), ^^©-Y^-xaABf©^ 

•y^ y >?$im&x<9nmzftzbb hicmmmmz^ 
im#vmcr& © t> i <o nm zftz* 

[0 0 2 8] f»*3S7^5/W*-7 V=7l/i?*?X 
T*V^©T% ^©^{ClioT^ta^fe^^r^ifC^ 
[0 0 2 9] 

[0 0 3 0] *^BJ(D^l^l£0iJ(rJ;5P^^ 
3J«e^fit?f±, ni©-> y 3 >-S*g 1 ©X*ffi±©^fS 

m®\zftmm<tm2i>wj$.£ftx^z> e &mmim2\z 
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/wffiJgc 1 0 Srflltf J: 5 »cBf3£©MHI*W-CT y— K 
u-r^flrae a:feJ:tf 6 bj^j&saxTi^s. ^^a- 

JWlOittt, 5 0 0~2 0 0 OA©jp*Sr*i-«y 

[00 3 1] r. r T\ ©^ H£&£M-m* y— K 
W a*s«fctf 6 b 5 J:5K:-t-*t. 

WWiaE^»jE7 a*5«fctf7 b#J&&;S*VC^5, d 

■>Cy®.t$.6 a4oJ;t*6 b Off^^FCO^SX®©^^ 
r. tUc J: 9 „ @4il;/f Lfc^5fe©^gff SS© £ 5 lc 

[00 3 2] 02 ~0 8 (±, 01 fcTjk bfc^ 1 Hjjgtfll© 

5. 01~08Sr#fi8L-C, ifcKSI lUIMiOfi^ 

[0 0 3 3] *"f, El 2 fc*-f-«fc 5 fc, nl©'>!)3y 
1 ©±*ffi±©0f Jfe««t LOCOSMffll^ 

■f) *sj:tf2 o o oASS©s^^tt§/ yK-^F 

[0 0 3 4] ^{C, 03f^i-J:5^, -5r'-hm^4JW 

1 «r»jfci-5. w-v 5 ^ h 1 1 t try- hw,m 

4\Z^uy (B) Sr^l'SEA-*'*. 

1 l«r^*i-5o ^Lt, 0 4lc*1-J: 5fc, 8 0 0~ 

9 0 ccaftoaa^T-c 3 0 #ra§s&*a33:fT * 5 r 

kKX^XV- hWi4fc:ftA3*bfc**M*l (tfnv) 

[0035] ^{c:, ^ffidv-y 3 v-K-ftJI (0^-ar-r) 
»s:*i-j:5K, httS4©prra§eas#fciM k** 

->H*ffcll 5 

[0 0 3 6] ftlc, H6ti:jjM-.fc3fc, ^XS!JISKfl5£ 
ffl^Ty-Hl4±(CUv?7M 2 5rMt?>. d© 

(n + ) &->y 3 K-r^aA-rs, 
yaA©*#ii« iSScri 5 lxiois-ixie c 
m 2 , aX^/uaf— *SKfeia-eSEASn*jKov©19: 



5 

S£?R& (=10KeVt?0. 0 3 2 /im) iOfc^C*^ 
fit (=30KeVT'0. 06 5 ft m) n£„ -t 

IS© J: 5 ftSEA^ft-C^d-^aASrfT* 5:tiao 
t\ S*SEA»tt7 a*5«tV7 b*?»^S*t*. **5, 
I©IiiiA^7 a*Sj:t/7 b©^j&©7c#>©^ 

Tt, <fcv\ 

[0 0 3 7] #cic x El 8 l,C7jk-f£ 0 \Z.^ M 2 , 

ih-f K * * - /PBMUS 5 *> £ T/#«®MfcJR 2 £ -r * * t 

^SAfi, SAi^^^A 5 lOKeVT-0. 03 2d 
mWHJBJRg* 5E15i/cm 2 ©3M$ 

TT'tf/j: 5 o i ixte J; 5 , ^M.m$i*&m 8 a *5 i. 8 

KJ\ a*SEA«l«7a*iJ:t/7blCJ:o-CiB**bfc«« 
t*-5o r©^, 1/-^ htr^*-T5o 
[0 0 3 8] ^}-, HI 9 icm-TX b ^Wfa&Kffi$. 
8 a*5J:tf 8 brtO#o VSrm^StJfcS^-f-^fcfe© 
#sr=-^J: 9 8 o o*C©i&£*#T-e^iii#@m* 
zo x*3 0ftffl&MM*'i7ti:0o r ©fixate: iot, ^F*fi 
ftftAffl)S8 a*Jj;^8 brt©7fS"n^(*v-y nylfti 
ort»»;:iSi*»oTa:*-f5iP» SE*SEAfME 7 a 
*fivy 3^S«i©*ffi»-|6i*»oTt£il:i-5o -©^ 

Ifflv'yaySSlM^tttCiot, tKd>'©v' 

ivKXV^ -yy 3ylSioiSffiicfiofc*iSi©#D 
[0 039] m i ott^sg-r^-^aAE^w^sst 

1 1118 0 0t7=-A«oWM!:S«*I*^O 

3f±8 0 0 < CT=-/Ht©^'o^j@«t*^*ffi^b© 

40 [0 0 4 0] *i\ 0 1 O*5«ttF0 1 1 £#if.L-C. S 
fttAMlE15/cm 2 , lE16/cm 2 raS 
Ufc»g-lCttl^ixt>s 8 o o < CT--/^T*ii?iAia 

*7t, jKnv-jRKI^BBL-CH:, 012*5^^01 

3 o \c ^©a^aA^Tfc^ofc^ictt, 

8EAS«K:ib'«-CT=-/ua"C«:*K tfctHBS«s»< 
^o-CV^5©^^5,, ^r©— ^St£EA*stT*i?tb 
so T^-SI&^f-fiaAig^irr^-^-e^n^jgfi©^ 
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ttt&bA, ifmt^-r. t h hjl htitt^ z. 

[004 1] ±iEOj;5(c, »£©»v 7 
a *J ±U«7 b *»JfiM-S 1 b tfc-taxi 0 t>sts«>«^ 

^«*aEA*«8a*Jj:[;8b (B8#I) ij&f&Ltz 

[0 0 4 2] bus, **M<oJB2l8J(t«tcJ:ap^ 

ffi0-T?fc3„ 014£r#J$LT, ^©»23U£MT?f4> 
±»L.fcJBlieK0!£lRl*fc, y-^/KW^««6 
a*3J:l56 bfc«5 J:5fcS*&ASB«7 a*J.fct*7 b. 
*sj|&ftS;h/rv*5. Sfefc. i©*23WSM-^tt» ^1 

*ffi»c**ftA«Ki 5as»j«S*b.TV^*. tut, y 
- hm*i 1 4 rt©f*aAM« 1 5 .Bctetfn yftAffl 

[0 0 4 3] ^*aAfS^l 5{CJ;o-C, tfni^ASH 
J&l ef'iroTHn^SrjStt'fk'rSfcfeWlRiaSroBglCTKn 
i^sy- hKfl4R3 frfiiB LTft^« 1 0 tcfeffc 

9, ^-V^MH^el 0— ©^!|&<Pi£»fc±oT£C3 

[0044] 015 ~0 1 8 tt, 014 (C^: b7t^ 2 H 

K-t-5fc»W»fffi0t?*)-5o 01 5~01 8£r#figL 

[0 0 4 5] *-f, 01 5 icm-tX 5 fw, ->!)3yIS 
1 «D±*ffi±©gf£«fcfc: LOCOS fls&fli^-CSHiK 
fl« 2 £BS£*f 5<fc5lC50 0-2 000 

2 0 OOA^tD^Sr^T-r-S/yK-T 0 !-^!; 
= >8i Sr^U7t^^-=^y-f-5^i 
\z X o x . V y 3 vBMbffl!** b 4 5 y~ h SMUBt 3i/ 
y K- / a ^bJfesy- hit 1 4£r7£ 
«t5„ ^"-^114 8t*©«#*« 5 «fc 5 K9J**i 
JRttflfSrfflv^T^^ h 1 7 
[0046] &\Z, 0 1 6 l-^-r <t 5 t-s L"^ M 7 
^7^iLty-h«il4l;lS (N + ) Sr-f*-^ 

aAt-^c rroiic-i'tyiiAii, ieis~iei 

6fi/cm 2 ^-V*sy— htSl 4<0 

(7ti^.fi9 OKe V) -CtT*5. rHtCt 19 v 



/0 

[0 0 4 7] &.\^ 01 7l^i-«t 5fc. W^H7 
t LTy- hi* 1 4 fcjtfo VSr 5 E 1 5f@/ 
cm2 1 5 

< 45 <fc 5 fc&Aai^M'^— (fci:x.fi30KeV) ~C 
* = - tbic J: 9 x # n vSAfflJ 1 6 

[0 0 4 8] 2f?n>-aAffi«l 6rt©Jj?n>-Sr«^;Wfc 
Stt-ftrT 8 0 0°C~1 0 0 0*C©^T— — /WCi 

#1 6 rt©*n h W3 ©*iS]i;iSi^oTja; 

&.-rz>bb\>\z.mm®.x<m$.i 5n<Dm.m\i±.^\z^ 

fflSJtS. -tL-T, *<*W^BI l 8 H^H-J: 5 fc, 
^&A^« 1 6 t y- h&telg 3 ©|HJfcSS*a&AflW* 1 
5 !SS^«Ei-5 i 5 4«3ti 45, 

[0049] 0 1 9 tt-r Jt-viiAE^coy- sm^sffi 

20 fc*BiS0-e& <9 s i2 0l±7=-;vt (iMft) »y 

©B8«Sr*UfcffiB8B|-e*5. 0 1 9 *5 it^0 2 0 $r# 
lUT, T=-/H£-etiaAEgH£ifc-<Ttf"n 
to{Si6S©^iS/> Ly- h WtKM 3 (BJicSSb L-TV > 

tfc^<T^sS«SE^*©i«««©gi55)-* s y- hiMk«3 t 

*LXz\<0£ot£#a^bmmb<DmEM.mz.£<>Xrt 

02O{c^-TJ;5^, T~-i\<'&.X\± s y-MMb«3 

J: 5 44felgSr»f®-e*fc-ri: 0 1 8 t^-TJ; 5 4Wfffi^ 
«i:45„ 

[0 0 5 0] ±f2(D± St-LT, T*e^Sr^tfy- h* 

ii4«Lfct, 0 5 ~0 9 \z.tf intern 1 HJSM b 
mm<DMi£7'wtx*mi'^x. 0 1 4{c^Lfc-y--r 

j*-— /v-BMkfflt S y-VKKv««6atsJ:V6 
bt, £*SA«*fc7 a*5*tf7 bifcHMl-*-*. 
40 i5(CLT, »2 3Sta6«©ity»fr3S«^36j«S*u5. 

[00 5 1] 021 ~0 2 3 f4 x ±15 L7t® 2 MMM<D 
¥&&mm<or- h «HSr K-^h#F/ya J; 

0T-fc5„ 02 1~0 2 3 Sr#flP,U-C, ^- Mffii L 
[0 0 5 2] *i\ I2 1tin5t, i/y^^st 

i ©±*ffi±©sf ~> y 3 >-iwbBi*» b ft 5 y- 
MMb«3i: K-yhtfy^y = yH<s3y-ni 
so 2 4&mj&i-& a f-\-mM2 4$kn-<DW%*m.ozo 
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h 2 6 Sr^i-5o 
[0 0 5 31 HI 2 2 iC^i-J; 5 (-> h 2 6 

*v7^tLty-Mi2 4Ci* (N + ) Sr^*^ 

1 E 1 6fi/c m2 ©3p*Mfe»£-C, hgfft: 
ffil3i£m-*-caA$tv5 J; 5 (9 0 

k e v) -el?* 5 o ztiicxv^ mm&Am^c2 5 

Z<D&, U-v 5 ^. h 2 6 £&NH-5„ L"C> 
i>6, 800~100 o tWifiSMTT'^T^-^t J: 

£t>fcS*SEA««2 5<DSl3UW:y- h&4fcJl3 t 
ttiS?©*|fiiic[S]d>o-ci£«-r5o ^*U-J:!K ?f®mh 

ISLfcflR^a^(-(ilII2 3l£^LfcJ:..5K:, g^i&ASi 
«c2 5rt»i:5F«**s»^4nfc«lBi:*S. 
[0 0 5 4] I212 4f*- *&m<Ofg3nfaW\Z£?)CM 
OS h7VS^**£^tf¥*#^S£^Lfc»rBI2|-C;fe 
5 0 02 4 5r#fiS.LT, 3 <DW, 3 HJSM-etts 
»g3 l ©±*ffi±©M£««fc$H*»^3 2##ffc 
SJvci^S. ->!)3ySS3 1©i$Iltl±N 

3 tP^*A'3 4idS|WI-f-5J:5fc^*ti, 

[0 0 5 5] N?i/U3 30±*ffi±tC|4^^^./l^gB^ 
5 1 SrfitEtfJ: 5t-Bf5eoraPHSrH8TTy— KWy 

M«4 0a4oj;y!4 0b»*^tv^o y— 
W>-£H*£4 0 a*ij:tf 4 0 b Sr^tvmS? J; 5t-^ 
H&A$I«4 l afcJ;tf4 l b#^j&£*i/T^-5, 7-r 
*/V^S*5 1 ±Ktt>f- bWtnM3 5 a HUty- h 

- hgMfcIBS3 5 att£M3nlC&Atttt3 8 a 3»»^$*b 
T^5. ^W^*aAffl^c3 8 a±^«*!'Di/aAtB^ 
3 7a W*jft£iVCIr*S. y- hS® 3 6 a ©dgg|5# 
ICfilM K^*-/wSMkit3 9 a«*J^TV^. 

[0 0 5 6] P^i^3 4W±*B±tCfi^^^/V^B^E 
5 2fc*tfJ:5^£©WIW&IW-C-Cn 4 - y~VKW 
^ yS«4 3 a *5 3 b ^ ^§HtV^ 0 n + y 

— ^/KWf >iB*£4 3 a*5«fctM 3 b <D^*r*jU^m 
5 2(l!ltCfi. fjlfiln" y-VKWVi«42a 
fcJ;tF4 2b«S^tv^, ?-**/\sm®5 2-Uz 
»iy-hStffcJK3 5 bSr^UTy- hm®3 6b« 
£ftTV^5. y-hi;«3 6brt©y-hiffi3 5b 
fllfcfifcU&AfiWES 8 biSJgjfcSix-ClsD. gm&A 



(7) 

12 

ffiJg3 8 b±tdf4zKn^AtB^3 7b«$tlT^ 

5, -ir— hm@3 6 b (DMfflfl^&tfH-ttlM Kl>*— ^ 

BMU«3 9basjlNS$*v-0^. 
[0 0 5 7] N?^/V3 3l*3tf>y — / K U-Y >-$W£ 4 

0a v 40bif-M|g3 6ai:ICJ;otPft^l' 
MOSh7y^^«JiltV^. P-?^/V3 4rt 
<7>n + y-VKWyffl«4 3a, 43bh n" y 
. -VKKy^42a, 42bt, ^-Mi36 
btlCiotLDD (Lightly DopedDr 
io a i n) ^jfON^-^A-MOS h7V^^«$ 

[0 0 5 8] r©^3HlSi^J-ctt, P^-Y^/V 

MOS h7>'v ? ^^^*J5S;-t-€)y-^/KW Vffi^E4 

oa*5io!4ob 1. o\^fi^nmmmAmm4 

l a*JJ:t54 l bSr^btv^S. roiaiaA**4 

1 a*5it54 1 btCio-Cy— VKW>Ki4 0 a 
*5«fctM 0 b<D^^f©fKftiS^<t*5 y— VKWy 
4 0 a 33 £Xf 4 0 b rttfJ^Jjs&^S n V i/V 3 3 <Dt*J 
gp^[6i*VoTti:»-t-5©Sr*^|{J:|»ll:-t-5wt^-e# 

0brt©»©ft^/«5 lflfl^0>tt*fcjqifM£ 

[0 0 5 9] fc*5, N^-v^/WMOS h7V^?5ri 
^f5n + y-VFWyWSa, 43bS:I5 
liSAi* SrK "C I •> WO tt\ n SPF*^ (4 p 

so ft&ttu fc£?ttf, I EEETRANSACT I ON 
ON ELECTRON DEVICES. VOL. 3 
5. NO. 5, 1 9 8 8 pp 6 59-6 68ti/Tcf 

[0 0 6 0] $7b, ^<O^3Hm0iJT*(±, P^^/HVI 
OS h9>'v ? ^^Sr«^-t-5y-b*1?i3 6a«tN^-Y 

^/vmos h^y-^^-^^flfjsK-rsy- vmmz 6b© 

•y- MMbJBt3 5 a » 3 5 biOSil^MHlia 

Aii3 8 a> 3 8be^ttv^„ -t it, 

A«« 38a*5«t0538b o vaAi« 

40 3 7 a*J«ttJ<3 7 b Sr^LTV^. wW^SUSAtSlSE 
3 8 a*5j;^3 8 bWot, *nySAI«3 7aiJ 
it^3 7 bft<D#ti>&femkTZt£ib<Dmt!!M<n9£lz. 
jffpiojsy— H^kffil3 5 3*5^1^3 5 b£ji?>gjltT 
^•r^/^^5 l*5<tt?5 2rtlCl(fciJ:i-5<0Sr#^)li^ 
iki-3£ itvfcj:i9, ^Y^/i^l^5 1*3 

so [00 6 1] 025 ~0 3411, 024 fC^: Lfc^ 3 M 
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JfiM<0^ft:ga«?$l3t^ , o'-fe^SrSiWt'57^«>OD»fB 

[0 0 6 2] Sf\ El 2 5 {c^-f-J: 5lc, -yp^ySg 
3 l©3£*ffi±»CN^3i/W3 3 t 31/^3 4 iSrPS 
J; 5 f-^i-So ~> !> 3 >^t£ 3 1 W^*ffi±cDBff 
j£ffl«KLOCOSifc3rfflV^T$Hi!Mttll3 2 Sr»j*i" 
5, 

[0 0 6 3] EI 2 6lC^-r<t 5t-. Affile: V!/ a 

^gMUSI (EI^-frT) ir20 0 0ASS<Dl^Wt5 

5y-hg«3 5 a s 3 5 b t / V K-7" v-y 
3yIH45^-FSl3 6 a> 3 6 b Sr^J5£-r3o 
[0 0 6 4] #cK, E12 y- hm@3 

6 a*s.fctf3 Qb)lXft-<7>nft*m.o i. ite^-MWR&fii 

Lt^-H®3 6 aJoitfS 6 b left* (N + ) 
^'T^^aA-rSo ;o'i*OttA*tttt» 1E15- 
lE16fi/cm2 ^>jg«-e, **>f^i6Sy-MMb 
JK3 5 a*JJ:tr3 5 b©ifi»K:*-caA*^aJ: 5*a 
A^/V-=¥— (f:ix.lf9 0KeV) -CtT&^o -tbt- 
±9» ftllfaiA««3 8 a3o«fctf3 8 b*S^$tv5 0 
[0 0 6 5] El 2 8 tC^-T i 5 t-x l^'* h 4 4 

t Lty- Ml® 3 6 a*5<fctf 3 6 b«PV 
SrSA-fS. r©jRpy©i£A^ttt> 5E15fi/c 
m2©^*fi**flET?a*aA««3 8a, 38bJ:n 
&< ItS £5 (fct^fi3 0KeV) 

-??Tfc5. ^HfcJ;9, #nyaAf«3 7 a*5j;0!3 

7 b^/&£*v3,, :ot, i^v 5 * K4 4&gfc*-f-5. 
^LT, 8 0 0~ 1 0 0 0X:<DM.B£3iWT-?1FT-— 

AiH3 7a, 3 7brt©#cy|iy-H!^l«3 5 
a, 3 5 bKftfr-yXWR.-tSb t t>Kft3|l&ASa«3 
8a, 38b l*!tf)ftiiifiy- hSMUKS 5a, 35bi 

[0 0 6 6] ^^tcii), Tffa^t^tdSffiTilfi^-f 
5 r £ Kft 9 , ^ny©y-htftS3 5 a> 3 5b* 

fc#><Dmtam\Zj:-oT#u l/frf— hffl\M3 5 a*5<fc 
tf3 5 bSraOStlfC^-r^A^BW-Jfiflfci"*©^** 

[0 0 6 7] ±12© J; Sfctfoi'tftafiwWBlttttfc: 
iot, ***WfcB2 9fc*rJ: V*ft*8&A««3 8 
a, 3 8 b £tf C2>-&Afiti£3 7 a, 37b«Sh 

[0 0 6 8] &fC s 0 3 OlCjjrTiSU:* N^^/V3 
3, ^-h«tt3 6a*5«tt^36bSrfll5J:5K9JHl 



/4 

t UP yx;V3 4(cy ^ (P) Sr^tyftA 

i'SWU 2 a*5itM 2 b SrJ&fc-f-So ^<^. ^ 
h 4 5 £B$5fe-T3 0 " 

[0 0 6 9] m^. 03 l *c*-r J: 5 ^feffifcv y =3 

5: ilCcfcoT, y-Mft3 6a*5«ttf3 6b©ftlS 
gfcfri-lM K*;*— /V®tffcJK3 9 a it; 3 9 b?:M 

10 [0 0 7 0] JfclC, HI 3 2}C^-Tct5^, N^x;l/3 

3, h«ffi3 6 a*$ctt^3 6bSr»5«t5»^K§4 

Sr*^^^ £ LTP |>x/V3 4lcffl:|R (As) SriS^F*E4» 

isE4 3 aioj;^4 3 bUfim&ZtlZo Uv>* h 

4 6 &rl&*-r£o 

[0 0 7 1] ftfc 03 3^-t-i OK. P ?i^3 

4, y-hfiffi3 6a, 3 6bS:«5J:5l^<t»Kft 

20 K#*— /ViMfcit3 9 a b L-cltifcSrN 

^m/V3 3i:iEl 5 — 1 E 1 6H/cm 2 GOjft&TM' 

}X5*P^SMS (lOKeV^O. 0 3 2 /im) 
iDWt^t (30KeVt0. 0 6 5 /im) }£^5£ 

oT, SSI&A3ME4 1 aft±t;4 1 b«J^ 0 
[0 0 7 2] WC, 034 RlScf- J: 5 i-. Vv 5 * h 4 7 
K^*— A4WUi3 9 a ?r-r^^ ir LTNy 
ai/V3 3 fczRta ^^r^^^aAi^So :^n^Wt 
30 >-&Ate> 5 E 1 5 fi/ c m 2 <D^*6ftl*fl[ , 1 0 K e 
VCO. 0 3 2 ra^aA^;l/^-rfT^ 5o -*UC 
J: 5, S*aAIB^4 1 a*5J:t/4 1 bctnS^^P 
yftAffl«4 0 a Jo it; 4 0 b3J5»J*S*b* 0 

tSo Vi£Afa«4 0 a*5<tt;4 0 btt^rtb^n^* 
ftAffl*4 1 afeit;4 1 McioTH*ftfcJ|fc<fti:ft' 

[0 0 7 3] l/-^h4 7S:i*t5. 

•5 8 o o < cwt£«^#T-e^m#ffl^tx*3 o^nnMa 

« SIS:tf5&5o -<Of^*aaic«ti9, jK o Affl^s 4 0 a 
ioXXf4 0 brtro^oyilN^i/VS 3(0rt§P^(R]^o 
Ti£»-f-5i: t t>t-> **aEA««4 1 a*sJ:0«4 1 b 

[0 0 7 4] Z<D& itZTjSu^b&mkvmKt&mzi. 
ot, #"n VCDN^^/V3 3<OF*9§B— ^IS^^Wl^J^H 

5, *n yftAt«4 0 a*3j;tf4 0 b<D? 

so 5o 5^^n^i^i:Offi7ifet5:(cJ:o-C, S 
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[0 0 7 5] tea, ±15 Lfc^ 1 HJfi«~» 3 H1£M© 
# o W tvoftA Srff 4 o iC V Mt 

/UT——A' (RTA) «r/B^Tfcl^«©3b*Sr#i- S. 
$ g> fc, ±&B i HlfeM~Jf? 3 «M»¥iftSBt- 

F 3 , BF 2 , BF. BC 1 ft^Otf'u^bg-^Srffl^ 
[0 0 7 6] *7t, ±1EUfcJBlKBtt«~»3SafcM-C 

7?*, t/p^v, mm, femtezzm^^xhmm 

[0 0 7 7] 1213 5 *«WcD^4^1fiM^«t5 i i £ « 
ffcglS (pnpI^JK-7h7^^) 5r^LfcWf 
ffi0T-fc3„ 03 55r#R?.L-C> :o^4liWl:J;5 

•So pfV !) a y a l/? ^ 6 2 (D±tI±©f)ISWtt 
tt, S i 0 2 J&6 5*5it/6 8iSMS^TV^5. Si 
0 2 l65t6 8tliftfcWjlOpI->'!l3>'3 ^ 
* 6 2±tCf±n§ai/!/ 3 V<— ^ 6 3*5^$ixTV^ 
5. nSi/^y-i-xe 3±co^|SJ^(cttp + S-> 
y 3^t 0 <?^v"Y/vS^5: 6 4«5M$ntv^ 

So 

[00 78] if;> p+i-yynyiW^t/vIx 
5 6 4W{gffigC#*5itf±ffi<o— gB£r«5 <fc 5 
S i 0 2 *S6 6feJ:TJ<6 7#7&*<S;h/0*a. nl">!) 
3 v<-^.6 3_kcoB?5£efligclc:f2, ^8i6 9t5i 
7 1 # nI-> y = v-<-^ 6 3 £ttftfttCttRi~3 <£ 
5fc^^T^5,, p < -S-y)j3yit7*v'tM 

3z ^y^/vm^- 5^64 fcmfcWteSNJW-* <fc 5 

[0 0 7 9] r©»4UEJtWOpnpS!^* 

y 3>-rct' , ^=3fv'^/l'S3i3: y?4tplZ, (N + ) 

^lXlOlWcmSgl^tftTl^o r*U£«fc 
9, ^^Wjgtt^^^Hft^Sl-ioTp 1 " !•>!) 3 
V3zt^^~>-y/wS3i~ Q 4*»b nly!) 3y<- 
X6 3Clnl^ot#ny^|S8»U I*0|^ni-> 

SWtSr-rSo ft**, llo^fili^ ixi0 19 fi/ 
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cm3 6A±-C?±iaUfc»»*sW*»=atb5^, ZtlUT 

[0080] ±se Ltcm4mmm<r> pn P ih7 

>-v J ^^©M5t^i LTtt, P I->y3y 3 y^^6 
l^MLtti^U ^\?#*>'*A'f&&\z£-pX& 

f&i,xi>&i<\ nmco^mvot bxtt, rmy (s 

b) -^atlf (As) «rfflv\ pS©»atli#c 
vtr^v^o p + S^y 3V3it 0 ^^v--ir^3i5; j/^ 

[0 08 1] 03 6 fi, #3gWco^5|ll£WcJ;£ n p 

3 6«r#flBLT, rcDjg5HlS0iJ-e»±, KiitW^WtB 
Snp nS'Mrt?— 7 h7^^^^oV>-C<oaffl^Jt? 
£>3o r©^5Hi£MT*{±, nS->!)3ySS7 2®i 
iilCnlV!/ 3^3 up? 7 3«SHT^5. 
nl->!) sy3^^7 3 ©£*ffi±©j3fjg18#fc S i 
20 02 J8I6 5 £ 6 8 £tfS7&£$*Vt^3. Si0 2 l65 

6 6 8i:l:J:o-C|Siifeniv'!J3y3 u^^73© 
±SB±tlipSS i G e^f^dfv'-v/vS^:— X 7 4 
*s^J***fCV^5. pIS i Gei^*V+A'I'<- 

fx? 7 5^^SixTV^o nIxW*->t/v 

fx* y ^7 5 comma sni±.n$im<D-n*w. 0X0 

ICS i 0 2 IK 6 6 £ 6 7tf»jft£*k-CV^S. nSx^ 
^ri^^^S^? 7 5 W±fi5*ffi±(-tt3z ^ y^H 

7 0 *s«««KiSBR-t- -5 ± 5Kl#J*3;h.-CV^. P^S 
•30 i G ext'^^yt^i^-^ 7 4±WBff^ffi^(-»i, 

-<-^m®6 9i71 & #mftttfc«§Ri-5 -fc 5 (c?FM 

[0 0 8 2] id 5HI{^©npnS^7D 

/^tK— 7 h7>-^^t?H, plSiGexf^^r-y 

t^-^7 4t(c> #oviHl:» (N + ) 

[0083] ±.nZLtcm4nnm&£vm5nM 

mxit. 'U *-7 • h 7 ^-v 5 ^ Sr/^ffl Lfc#J 

*jfett, *drV^/W*#I@£W-r5fck<£5v'y 
[0 0 8 4] ifcfc, ±aufc»4|BK«*sJ:tJ«»5*li[ 
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[0085] #ct^ im.w<n>% 6mmwzi\,^xmwi- 

g^W^L T^-V (N + ) -e(i^<g*CD^-T-Y^->' 

(N 2 + ) Srffl^S, ^S^SHF-I' (N 2 + ) ,f4, 
g*J^^^^<D^--Y ;g-y (N + ) (D2^ib5t 

SM^^^y (n 2 + ) i-isaA^^am* 
— (N + ) fcfcS&AJ:!? ^^>-&Afl«£©&i 

dn^a^-r^o l/c^ot x aiK^-r^y (n 2 

+ ) ^ffl^tbtf. — (N + ) SrfflV^^ 

[0 0 8 6] i3 7lt ^«©^^&A$rffft;bft^ 

^-g-w^p^ (b) <Dm&&m*7r^ttmo7*v7T 
4^mxh<o. m 3 8 i±mm(D%---< (n + ) st-y 

tyaAt5i-&0#oy (B) Wi£Sfc^«g?:^Lfc^F 
^#j^n7r'l'^iat?*) l 9s 1213 9(i^<D5)-T-Y^-^ 
(N 2 + ) %4 7i->'&.A-fZWr&<?>tfv>' (B) 

7~|2|3 9{C^Lfc#oi/ (B) tt, v-y =>-SS^>Et 
LtlOke Vro&A^*/^ 5X10 15 / cm 2 © 
-f^-vaAico^TT^^-^ASrff^ofco b 
X, ^#H*+-t?8 0 0 < C©M*^#TT-3 0 5rm« 
Sfc&SSrfTfcofco *7t, 12 3 8 {c^-f-J; 5 fc, 
^ — (itV (N + ) »4, ->!J3ySSI^Lt30k e 
VcD&A^M^^rT* 1 X 1 0 15 /cm 2 ©Ytyj£Al 
O^ffj-e^tyftALfe, *7t, 0 3 9tC*H-«fc 5 

mmtofrmri' (n 2 + ) f*. v-y =»>-s«fc*i- 

LT 6 0 k e VCO&A^-^/V^T? 1X10 15 / cm 2 © 
[00 8 7] 03 7~03 9^11^ WM-< *y 

(n + , n 2 + ) ©a&ASrfrfcofctfra-Kitt, 

^©aASrtf^tJ^V^-a-^lt^T^n^ (B) CDfeffe 
J»J«Sti/-CV^5r. 1213 8 

*J«ttfH3 9Sr#fl8U-C» a^W^-^^V (N 2 + ) 

(N + ) <D-{*>'&.A*ftti:otcWr&£ K> 

^a-v (n 2 + ) *m^x4 *>mx*'nt£-ott&m.m 

<d)£-4*> (N + ) W5^J;n*Dy (B) 
[0 0 8 8] Sit, SIH©^^ (N 2 + ) Srffll^ 
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t^tyftXufci^tii, s«©* — r^y (n + ) 
Srfflv^^&fcJt^Tv'y ay^iAlrtoSWctf 

(N 2 + ) SrflivtfUf* m.%<D^ — C^v 
(N + ) *Jto^%&\z.Ves*-X*s x ) 3^!7i^IftOg 
inftt©^— £ ft -h td 5 T-#5o #H3g!)?#a 5 

^-v (N + ) 4:1213 8K*k VfrJ*y&A0iflr kfflCZt 
io ft=TX?&A&?Tfc<>\" Wl*©vy 3V^/^Cg^©# 
^H^V (N 2 * ) £03 9tC^LfcjiA*#tPlCa 
A&tt-e&ASrfTfcofc. -tUT, 2o©V!)ny^x 

Srffl^Tt. 

[00 8 9] Set{tt©^I-t4=ffifeiftt©^2p{SM/1gfei 
{|[©qz*Dffl[x 10 0 

*L — (Hs-y (N + ) Srfflv^fc»#-KB:«»t«[<0*&-'tt= 
1 2. 9 9 7 ^*©^-<^-^ (N 2 + ) 5r 
20 ffl^fc^^fiffiStffl[05*&— ' 14=0. 9 4 3%Xfco 

(N 2 + ) *m^Z>W&\z.&MM<o%- 
— <7ir> (N + ) Sr/Bv^m^-Kit^-Cv-y ay?^^ 

[0 0 9 0] 

I^BJ©^*] W±©J:5{-> gS*3Sl*3J:tF2tc|Ett 

30 stra^i^^sr^r-t-saAesry-^/KW ^ 

cojiAS^J;oTy-^./KW V^rtW^^SrS 

fcik-J-Sifcj&s-C**. *7t, ±IELfc?iASSry-^ 
40 / y**0»^»$ i 9 fc*#v«ft ttt« i 

[0 0 9 1] »#«3fcE*<0¥*#S«fc£;h,tf» 
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^^©ifctfcl:: J: 5 L# v ^tmjE©^»)£l#it-t-5 C t 
£3T-# So 

[0 0 9 2] If *J14 ^|E«©^^e^jt^jfeti 

=*v, mm, mmfrtbtezmx'omriiriiti'o&fgKD 
«e,t 9 t>/h*v*j&2 ©g^ma-cM ^aA-rs r t 

fc: J; o TJ6 2 >»^ffl© 1 St©5F#fi*«l« Sr Jt^jft-f-a ^ i 

-Cfefc-rSo r. 2: a*£jWfE»fH-5 

5Ci^5. r*UcJ:!9. ^^©f-^A-EMSW 
^©»1)»»Jt5rtm> ^-Y.*/vA#ffi<ftS 

[0 0 9 3] «*«5 |c|E*©**flEi!t«©»5ft*jSfe»J: 

§H, 7?*, TA-=*V, ak3K, «#^b45«±!)*i 
H/c 1 o£-f *yftAt5 i £ \£ X <9 ^moffl&km^ 

y- ligM^Ull:i6l^Tffilt5. m 

ttttl©^ty (N 2 + ) Srffll/^tf, SE*© 

* — r*^ (n + ) srja^astefcjfc^TS&fc^JMfe 
©Sfc1ft«:«iiMi-s r. k So 

[0 0 9 4] St*«7^BttO^'f3j*— 7 h7^^ 

is btrntiistts: 5 K.m&-r 

[0ffi©fBj*fttftW] 

[mi] *«io» i mwt <t 3 pf t^Mo s 
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[02] ilCT Lfc* 1 HJfe«©¥^S«©M5t 

[03] 0 1 KJj* LfcSS 1 IHS«©^{«!Efll©K3t 
7"D-fe^©^2XSSrSiK-r5fc«)©»fffi0T?fc5o 

[04 ] ikot< ufcjg i nifefi«j©^^iiB©i83t 

7 p cHr^©B3X®^rSiPJ-r5fci6©»fffi0-efcSo 

[0 5] 01i^ Lfcjg 1 |ltt0!l<D¥2*#&1t<Z>£l& 
/n ± x <D% 4 X@5rlftBJ-f-5 fc«>© Wffi0t?fe So 

io [0 6] wi\c^vtz.mimnw<o*mitmme>Mm 

*©H 5 X@£rf&9§1-S fcJ6©»fffi0t?fe5, 
[0 7] 0 1 fc* Lit* 1 m0!<z>¥*tt9HE0S3t 

7°n-lrx©^6Xm^Ift0Ji-5fc»©»fffi0T*fcS o 
[08] SltSLfcfl «>*N|#&1t<Z>9!!& 

y o -fe * ©Jg 7 fc *©»fffi0T-fc 5c 

[0 9] SIC* Lfcjg 1 Sttt0!<z>¥2*ft&*a>£ti!t 

[010] 0 7tC^Lfc^§SaAXflS£*5^T, ?£A 

20 [011] 19C/fLfc7=-/w (ifel) ISC*5 
vvt\ 8 0 0t7--;vt®«$ ©BMftS: 
*Lfc*alS0TfcS o 

[012] H8^ufcjRn^aAxmfc*jv^"c» a 

Att«©^£t#ov*££©liB#>«r#*t©Jfc$^e* 

Lfctaii0-efc5o 

[013] 0 9i;*Lfc7--;v (JKt&a) xSic* 
^T8 0 O'CT^— /M£©i£££tf't3 ©BI£R£ 

[014] #38W©Sl2il;!feMK«fcSP^*/VMO 
30 S hv^;**£^tf^#8«£^LfcB)rffi0-C*fc 

[015] 014C* Lfcfg 2 Htet?iJ©¥3l#:S§S© 
lEt^P-tr*©* 1 XgSrIftPJ1-Sfc*©»fffi0-Cfc 

[0i6] 0 1 4 fc^ ufcjs 2 m&w<o*m#&m<?> 

M5t^o-fe^©m2X@5rIftBJi-5fcfc©»fffi0-efc 

-So 

[017] 0 1 4 bfcm 2 mmw<z>¥%Mmm<D 

40 5 C 

[018] 0 1 4 {C* Lfc^ 2 H^J©^#^g«© 

So 

[019] 01 6*5<ttJ501 7KmVtt&m*3£Xfi7fi 
n V©aAXStc*J^T, T=— /v^©y— hmH^ffi 
A» 6 ©«R S i: * o yfttJ i ^^^^S k ©M« Sr^ L 
7ctBM0T*fe5„ 

[02 0] 01 8{C*LfcT = — A' (^3) X@C 

so mmmmk<DM&*7*^ft&Mm~eh$. 
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[021] El 1 4 Id* Lfc* 2 Jfelfcfl|0>¥*{tiRa£ 
tJ^T, y- S/K y ~>y a VtCfcoT^ 

^ixS^oMitynir^Oji? 1 XSSrtftB^-r^fcfe 
O»fBD0-CfcSo 

[022] Bull* ufc^ 2 ■m&mn^mvm.w^ 

cDWB0"C*fc?)o 
[023] 0 1 4 K* Lfcfg 2 HlfeMcO^^etC 
JS^-C, y- K-y h^Ky is}) ayiaotf 

©»fffi0-T?&3 o 

[024] ^PJ(D^3lliSMi-J;5CMOS h7V 
v'x * Sr^tf ^af^e** Lfc»fS0T*fe 5c 

[025] 0 2 4^* Lfcfg 3 HlWro^iftif© 

mmyv-tx<om 1 xa*^i-5fc*o»rS0-c-*) 
s„ 

[02 6] 02 4tC*L/c^3HlS0<JO^^»© 
n ir ^ <om 2 T.m*nWirZ> tc tb<Dm B0 1»*> 

S 0 

[02 7] 02 4K*LfcJg3|?i£0J©#^«£»O 

tat?' n-& * osg 3 xm^mm-r % fc»©ifisT-fc 

So • 

[028] 02 AK7^i,t^3mmm<o^m^w.<D 

Wit? d ± * <Djg 4 iS^lftBJ-r S fe«)£D»fffi0T*fc 

So 

[029] 0 2 4 ibj* Lfcfg 3 1«M©^if© 
®[^yn-lr^©^5Xa5rSiBJ-f-5fc«)O»fS0-efc 

So 

[03 0] 02 4^*1.^311*1^0^^*0 
$S}it7°Dir^O^ 6 xa?:IttBJ-t-Sfc*<O»fffi0-Cfc 

So 

[03 1] 02 4^*Lfc^3HJSCSJ(D^^«(D 

So 

[03 2] 02 4(^*Lfcm3HffifiajcD^*^BO 
Stig-7°n-fe^O^8XS^PJ-r5fc«)O»fB0Tfc 

So 

[03 3] 0 2 4tC*LfcJg3 3ft!f£W<D¥##^*<D 
SlJty n-lr*OSg 9 xm$rSi?^i-Sfc»cD»fffi0T*fc 

[016] [ 
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So 

[034] 0 2 4 K* Lfcfg 3 HJfe0iJ©¥#^«cD 
M^Dir^O^l OXSSrttWf *7tftOWffia-C*> 

So 

[03 5] #»W.©»4 3Hfc0!fcJ:3p n pS^ ^ 

— 7 h^>'v ; ^^5r*bfcWffi0-efcSo 

[03 6] #3S0J©f&5*KW-*'5n p nS'MzK 

— 7 h^>'v !: ^^5r*L-fc»fB0-efcSo 

[03 7] £*W U5e^#£-©iKp v 

io (B)-©lttf:«tttSr*Lfc'P»»7'o7T-r/v/BI-c*) 

So 

[03 8] a*©nt— r*>- (n + ) ^^A-rs^-a- 

0T*fcS, 

[039] *M<n$t=f-4 (N2 + ) ££A-rs*§ 
/v0-efcSo 

[04 0] t^JfecOPMOS h^Vv'^.^Sr^tP^*^ 

20 [041] i40ii* \^tzM%n^m^mm.<r>wm^ 

u±*<DW, l X@5rlftBJi-Sfc*co»rE0-efcSo 

[042] 04 o\z.^itm*<o*m-w&w.v>9&£7 

air^O® 2 XSSrtftBJ-rSfc«)O»fffi0-efcSo 
[043] 0 4 0 K* \,1tft*V^W&m<oW&7 

o -fe * Og§ 3 IgSrHlW"*- S fc*O»fB0T*fc S c 
[04 4] 04 0 Lfcft&O^f^aoStift:/ ' 

p ±X(Dm 4 XSS:SiBJ-rSfc«)O»fB0T-feSo 

[045] 04 o ufc«o^*gf ©my 

v±X(D%i 5 im*BiBJi-Sfc«)CD»fB0-CfcSo 
30 [046] 1401;* Lfcf£*©^fl£3HI©;Kift:/ 
nir^ro^ 6 XSSr|ft0^i-Sfcfe(D»fffi0T-&So 
[04 7] ^3f5<D^^iacO^S^Srlft^i-Sfc» 
' ©#rB0T*£>So 

i -y^y^ 2 am^N* 3 ¥-vmt 
m. 4 5t^K>)t-;nm 6a, 

6b y-^/FKy||i, 7a, 7b ^ig&ASH 
f, 15 S*SEAflW5» 16 tfpV&AflME. 4 
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